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ABSTRACT. 

A geological reconnaissance of part of the South Coast of Western Australia is outlined. The major 
ructures in the Archaean rocks strike in an E.N.E. direction in marked contrast to the N/VV. trend in the 
“mainder of the Western Australian shield. The Archaean rocks include para-schists and gneisses and 
ssociated meta-basic igneous rocks, all of which have been extensively granitized and migmatized yielding 
suite of granitic and eharnockitic gneisses which have in places been mobilized to yield intrusive granites, 
iroterozoic rocks are represented by low-to medium-grade metasediments with associated concordant basic 
-neons intrusives and their deposition has been iollowed by intense overthrusting horn the S-S.W. lhe 
ist nhase in the Pre-Cambrian record of the South Coast was the intrusion ot basic dykes which are co - 
deraUo be co-nmgmatic with the quartz dolerite suite of the remainder of the Western Australian shield. 


CONTENTS. 

I. Introduction . 

II. Outline of Pre-Cambrian Geology. 

III. Structure . 

IV. General Geology .... . 

A. Long Point-Torbay Head 

E. Albany-Point Hood . 

C. Stirling Range . 

D. The Barrens . 

E. Ongerup-Israelite Bay .... • ••• . 

F. Mt. Ragged Belt .... . 

V. Petrography . 

A. The metasediments :— ... . 

1. Of the Barrens belt . 

2. Of the Mt. Ragged belt . 

B. The greenstones. . 

C. The gneisses :—. 

Granitic and eharnockitic gneisses .... 
Para-gneisses .... 

Basic lenses in the gneisses 

T). The intrusive granites :— . 

Earlier coarse porphyritic granites. 

Later fine even-grained granites 
Porphyritic microgranites 
Pegmatites and aplites 

E. The Stirling Range metasediments 

F. Basic igneous intrusives :— 

Quartz dolerites 
Uralitized quartz dolerites 
Chloritized quartz dolerites 
Olivine dolerites 
Quartz diorite 

VI. Petrogenesis . 

VII. Conclusions . 

VIII. References .... . 


Page 

2 

4 

4 


6 

8 

13 

15 

17 

18 
19 
19 
23 

25 

26 
27 
34 
37 

42 

43 

46 

47 

48 

48 

50 

51 
53 

53 

54 

55 

56 
61 
64 


«t of the cost of publication of this ^ecn^borne by the Research 


C678/11/53 













2 


E. de C. CLARKE, H. T. PHILLIPPS AND REX T. PRIDER. 


I. INTRODUCTION. 

This paper is an attempt to summarize present information about the “ old 
rocks ” in a strip of country about 600 miles long, which borders on the south 
coast of Western Australia between E. longitudes 116° 30' and 124°.* We 
also give a tentative interpretation of the broad structure of the Strip, in the 
hope that others may be moved to examine the country further and so con¬ 
firm or modify our suggestions. 

Many observers have reported on small parts of the Strip, but the only 
systematic mapping of any but small patches was that done early in this 
century by Woodward and Talbot in the Ravensthorpe District (Woodward, 
1909). Reports on smaller areas by Blatchford, Ellis, Jutson and Simpson, 
Maitland, Maclaren, Wilson, Woolnough, and others, are mentioned later. 

The first and most extensive exploration, made by the first Surveyor 
General, J. S. Roe, in 1848-9, crossed the eastern three-quarters of the 
Strip and went far beyond it to the Bremer Range, 100 miles to the north. 
Roe’s journey was a remarkable achievement. His party, consisting of 
six men and eleven horses, travelled generally north-east from Cape Riche, 
discovering and naming the Bremer Range and other features. Roe then 
travelled south-east to Mt. Ragged, seen and named by Eyre in 1841, but not 
previously visited. Roe named Peak Charles and other hills en route. Thence 
he went westwards, approaching the coast near Esperance Bay. After that 
he generally kept near the sea, but made many detours to circumvent inlets 
and examine the country. He arrived at Cape Riche in January, 1849, with 
his party intact, having covered 1,000 miles in hitherto unknown and very 
inhospitable country. 

Between 1928 and 1949 Phillipps and Clarke made ten short excursions 
from Perth to parts of the Strip. The total time spent in geological work 
there was about 120 days. Prider, except for a visit to the Stirling Range 
with Phillipps in January, 1949, and to Albany in January, 1951, has not seen 
the rocks in the field, but has studied nearly all the specimens collected and 
is responsible for the petrographic part (Section V) of this paper. 

Detailed field-records would only be wearisome and of very little use to 
readers of this paper, so, in Section IV (in which the petrography of Section 
V is given full weight) we have summarized our conclusions as to the Pre- 
Cambrian geology of different parts of the Strip—each part being somewhat 
distinct geologically from its neighbours. We have quoted the conclusions 
of previous observers in much more detail than our own, hoping thus to avoid 
mis-representation of their opinions. The rock-specimens (occasionally 
referred to thus “ (13309) ” in the text) and detailed accounts of our field-work 
are kept in the Dept, of Geology, University of W.A. where other geologists 
may consult them. 

Plate I shows the extent of country and our conception of the broad 
geology of the areas on which we did any work, or regarding which information 
has been obtained from the writings of others. This map makes clear, without 
further elaboration, that our field-work was very “ scrappy.” Further, 
since our investigations have been spread over twenty years, our interpretation 
and appreciation of observations have changed, so that another visit to places 
like Doubtful Island Bay and Point Ann, which we visited in the early thirties, 
might very much alter our views. Text Figure 1, a “ picture ” of our present 
ideas about the arrangement of the “ old rocks,” is based on insufficient 
data, and later work will no doubt change it considerably. 

• The reasons for calling this tract “ The Strip ’* in preference to terms such as ** Province,** “ Region, 
etc., are given by Clarke and Phillipps (1952) which might be read in conjunction with this paper. 
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Text fig. 1 

The South Coast Strip: Generalised geological sketch map. The hachure lines for the gneisses are parallel to the foliation. 
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We are greatly indebted to Mr. W. J. Kirkby, Acting Chief Draftsman of 
the Lands and Surveys Department, for the preparation of Plate I from our 
maps. The major part of the travelling and other expenses (including cost 
of rock analyses) has been met by Commonwealth Research Grants, and this 
assistance is gratefully acknowledged. Acknowledgments of other help, 
given by many in the State, are made in the body of the paper. 


II. OUTLINE OF PRE-CAMBRIAN GEOLOGY. 

The bed-rocks were, in Pre-Miocene times, eroded to an irregular surface, 
the lower parts of which have been covered with sediments of Miocene and later 
ages, to a depth, in places, of 200 feet and more. There is no direct proof 
of the age of the bed-rocks, but, from their close resemblance to Pre-Cambrian 
rocks in other parts of Western and South Australia, they are thought to be 
Pre-Cambrian. They vary from gneisses and coarse granulites, through high- 
grade schists and quartzites, to low-grade phyllites, slates, and even to unmeta¬ 
morphosed sandstones. In most places the bed-rocks have been intensely 
folded, the major axes of folding trending E.N.E., but there are indications 
that, immediately north of the coastal strip discussed here, there is a pro¬ 
nounced change in general trend to north, or even north-west. Igneous 
rocks of various kinds, but chiefly acidic, invade all the assumedly Pre-Cam¬ 
brian rocks mentioned above, except the unmetamorphosed sandstones ; 
like similar rocks elsewhere in the Western Australian Shield these intrusions 
are also regarded as Pre-Cambrian. 


III. STRUCTURE. 

Hills (1946, pp. 69-70), relying, we believe, mainly on notes which we 
had supplied after our first visits to the Strip, suggested that the regional 
strike is easterly to north-easterly. Our later observations confirm Hill’s 
generalization, except that perhaps the angular discrepancies that we think 
occur at Kundip between the trend of the Barrens rocks and that of the Ravens - 
thorpe greenstones (see IV D below), and, again, between the Mount Ragged 
metasediments and the Ongerup-Israelite Bay gneisses (see IV F), are difficult 
to fit into the continuously curving structure shown by Hills (1946, fig. 1). 

The easterly trend has been observed only as far from the coast as 50 miles 
at the most. We do not know of any geological reports on the country between 
latitudes 33° 30' S. and 32° 30' S., but, somewhere in that area, the trend 
must change to the general N.W. strike of the “ greenstone ” belts in the 
Central Goldfields. 

Along the Israelite Bay-Norseman track, the only part, except near 
Albany, where we made any geological notes far from the coast, the pre¬ 
vailing strike is apparently N.N.E. Also we are indebted to Mr. R. Hare 
for the information, obtained when he was a member of the Soils Division of 
C.S.I.R.O., that, near Draper Hill, about 10 miles S.S.W. of Ongerup, the 
strike of the gneiss for 4 or 5 miles is consistently N.N.E., the dip E., and 
that, from a study of air photos, it is likely that these outcrops are on the 
west limb of a south-pitching syncline. At Ravensthorpe (Woodward, 1909, 
pp. 10, 12, 14) the general strike is N.W. These three groups of observations, 
though widely separated, suggest that a pronounced structural change oc¬ 
curs in about lat. 33° 30'. S. 
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IV. GENERAL GEOLOGY. 

A. Long Point—Torbay Head. 

These notes include the Rocky Gully Area* on the Frankland River, 
40 miles north of the coast, but otherwise are confined to the coastline. 

The predominant rocks are various gneisses. The following are the most 
frequent types :—even-grained granitic gneiss (IA3)f, granitic gneiss with 
basic bands (HID), garnetiferous gneiss (IF3) and hypersthene-bearing gneiss 

(ID3). 

The regional strike of the gneisses is between east and N.N.E. They 
are not generally very much contorted, but at Point Irwin and Point Hillier 
they have been much crumpled and fractured with the formation of fault 
breccia. 

Along the east side of West Cape Howe Promontory, north of Torbay 
Head, gneissic rocks, which in their variety are more akin to the gneisses of 
the Albany-Point Hood division than to those farther west, are exposed. 

A type of rock, not discovered elsewhere in this part, occurs in the Rocky 
Gully area, near the east bank of the Frankland River, about If miles below 
the crossing of the Mt. Barker/Manjimup road, where a graphite vein was 
prospected in about the year 1921. The small workings have collapsed but 
Blatchford (1922 a, p.48) describes them as being on a 3 in. to 6 in. seam 
of graphite striking east and dipping north at 75° to 85°. He states that the 
vein contains “ too much iron and mica to be of any commercial value ” 
and that it occurs in a “ dense clay,” which, judging from our specimens, 
(23305,-6) collected from the old dumps, is a highly weathered band of graphite 
schist running parallel to the general trond of the gneiss. 

Coarse granite (IVA1) invades the gneisses in various places, including 
Rocky Gully, and is in turn cut by narrow bands of fine, even-grained granite 

(IVB). 

Pegmatite dykes cut across all the preceding rocks. Basic dykes occur 
at various localities such as Long Point (V B 1, three feet wide, striking 345 
and dipping 80° west), Point Hillier (V A 2 six feet and 15 feet wide striking 
280°, and V C 1 and V C 2 more than 2 chains wide striking 300°) and Knapp 
Head (V C 2 in three dykes up to four feet wide striking S.E. and dipping 80 
or more to the S.W.). Basic dykes were also noted in the Rocky Gully area. 

A rather unusual dyke rock (23259), a porphyritic micro-granite (IV C), 
occurs at Point Hillier. This dyke is approximately 15 feet wide and strikes 
north-west compared with the more E.-W. strike of the dolerites. 

Quartz dolerite (V A 1) makes up nearly all the west side of West Cape 
Howe Promontory (Prider, 1948, p.68). Near the base of the promontory, 
on the west side, this basic rock can be seen to invade very coarse gianitic 
gneiss, of which it contains a xenolith, and on Buttress Point, about halt a 
mile east of the tip of West Cape Howe, there is a steep intrusive contact 
with the gneiss in one place, while, farther south, the basic rock is, to all 
appearances, overlain by gneiss. At the tip of West Cape Howe there is a very 
conspicuous patch of white rock. This patch, which is surrounded by dolerite, 

, Where ciarke spent some days as guest of the soil-survey party led by Mr. Robert Smith, Regional 
Officer, C.S.I.R.O. Division of Soils. 

f These symbols are explained in Section V. 
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is visible from Knapp Head, 7 miles away. Whitish, apparently banded rock 
also outcrops amongst the breakers at the foot of the cliff. These exposures 
were inaccessible to us, but might well be either gneiss or granite. We sug¬ 
gest that the bulk of West Cape Howe is composed of a large flat-dipping 
dyke. 

Just north of the township of Denmark is an area of which Hosking 
and Burvill (1938) made a soil survey, and in which Carroll states (1945, p.414) 
that the following succession occurs :— 

(a) Gneisses \ inter bedded. 

(b) Sillimamte schist, quartzite. J 

(c) Dolerite, possibly a sill cutting (a). 

She considers the dolerite to be an intrusion about 300 ft. thick, dipping 
N.E. fairly steeply ; it is unmetamorphosed and cuts the metamorphic rocks, 
the chief of which is garnetiferous quartz-felspar-biotite gneiss ; a basic 
gneiss or schist and sillimanite schist and quartzite interbedded with the 
gneisses also occur. Dr. Carroll has kindly allowed us to see her field-notes, 
from which it appears that the prevailing strike is E.N.E. 

B. Albany—Point Hood. 

Our field-work in this part was mainly along the coastline, but we made 
some notes on the Porongorup Range, 20 miles north of Albany, and on the 
country north of Cape Riche, as far as Ongerup. 

The Pre-Cambrian rocks are similar to those of the Long Point-Torbay 
Head division, but it is convenient to separate the two, because, in the Albany- 
Point Hood part, the gneisses are more varied, the intrusive granites bulk 
more largely, and the later basic intrusives are less prominent. 

The commonest type of gneiss is the biotite-bearing granitic gneiss 
(I A 3) but many other interesting varieties have been found, particularly 
along the south side of Cheyne Bay (just north of Cape Riche) and in the mile 
of rocky coastline which separates the entrance of Princess Royal (Albany) 
Harbour from Middleton Beach, both of which areas are characterised by 
the presence of charnockitic gneisses. 

Maitland (1924, p. 6) states that the gneissic rocks on Location 486 on the 
Pallinup River about 8 miles from its mouth trend east and west, and enclose 
almost vertical graphite vein 2 to 3 feet wide ; also that they “ contain 
some dark black bands of hornblende gneiss (1/3665).” The graphite vein 
proved to contain 30% of ash and to be useless for anything except perhaps 
stove-polish. This occurrence recalls that on the Frankland River mentioned 
above. A chemical analysis of the hornblende gneiss specimen mentioned 
by Maitland was published in the Annual Report for 1925 of the Government 
Chemist of W.A. (p. 9) under the name of “gneissic quartz epidiorite.” 
Prider has re-examined this specimen and finds it to be a quartz-plagioclase- 
hornblende gneiss (III A 2) (see Section V of this paper). 

The dominant strike of the gneisses between Albany and Point Hood 
varies from E.N.E. to east, but, as would be expected in closely folded rocks, 
there are local changes to any point of the compass, thus (information from 
Mr. R. Hare and Dr. Dorothy Carroll) the prevalent strike on the coastline 
north of Breaksea Island, and on Mount Manypeak is northerly. Near 
Graves Hill and Chillilup on the Pallinup River, where it is likely that we are 
in the north-south structure (Section III) noted by Mr. Hare farther north, the 
strike is N.N.W. 
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Besides being intensely folded nearly everywhere, the gneisses are faulted; 
and brecciated in many places. We noticed this particularly at Cape Riche,, 
near the mouth of Willyun Creek, about 7 miles south-west of Cape Riche 
and both east and w r est of Cape Knob. In the much faulted gneiss on the 
west side of Dillon Bay (which is immediately east of Cape Knob) there is not 
only much faulting but also a “ sandstone dyke ” (24119) 15 feet wide. Near 
the mouth of Willyun Creek the gneisses are faulted and there is a 4 ft. band 
of fault breccia netted with pseudotachylyte (24128). 

Granite, intrusive into the gneiss, is the next most abundant rock in this 
part. It is well exposed at Cave Point and elsewhere on the promontory 
that ends in Bald Head, on the coast between Albany and Middleton Beach, 
on Mts. Melville and Clarence at Albany, and on the coast east of Warriup 
Hill.* 

In these and other localities, inland and on the coast, two distinct types 
of granite, an older, porphyritic, and a younger, fine- and even-grained, occur. 
The fine-grained granites occur generally as flat-dipping dykes in the gneisses 
and porphyritic granites. 

Pegmatite dykes and quartz veins, penetrating both gneisses and granites 
are found in almost every exposure and are particularly well developed at 
Point Irby. Near Point Hood a pegmatite contains large euhedral crystals 
of microcline (16572) to 8 inches long showing the development of 001, 110 , 

130, 010, 101, 111. 

Basic dykes, invading all the above-mentioned rocks, occur at various 
places between Albany and Point Hood. Charles Darwin in Chapter VII 
of his “ Geological Observations on Volcanic Islands ” wrote that at Albany 
the granitic rocks “ are in many places intersected by t.rappean dikes ; in 
one place I found ten parallel dikes ranging in an east and west line ; and 
not far off another set of eight dikes, composed of a different variety of 
trap, ranging at right angles to the former ones.” Also Maitland (1907,. 
p. 31) speaks of “ numerous dykes of greenstone ” which traverse the “ granite 
of the promontory separating Princess Royal Harbour from King George 
Sound.” Again, Jutson and Simpson (1917, p. 48) write :—“ Intrusive into 
the granite are numerous basic dykes (dolerite and basalt) which range in 
width from an inch to many yards .... At the brick pit about three miles- 
to the north-west of Albany, a decomposed basic dyke cuts through not 
only the granite, but also the over-lying marine sediments. This evidently 
belongs to a later series of basic dykes than any of those intrusive into the 
granite . . . . ” We have not seen the dykes mentioned by Darwin, 
Maitland, and Jutson and Simpson. The only basic dykes noted at Albany 
werc ; —(i) a serpentinous dyke (7833) on the coast just- north of King 1 oini 
lighthouse and (2) a dolerite dyke (32188) 2 chains wide striking 150° and 
intrusive into the porphyritic granite at 5 chains S.W. from Hartman’s Granite 
Quarry at the end of Grey Street on the southern slope of Mt. Melville which 
was found by Prider in 1951. It is evident that the numerous “ trappean 
dykes mentioned by Darwin and Maitland are really the basic bands and 
lenses which occur in the gneisses and not the younger dolerite intrusions. 
Moreover there is, as noted by Prider (1948, p. 79), very considerable doubt 
about the “ decomposed basic dyke ” recorded by Jutson and Simpson as- 
intrusive “ through not only the granite but also the overlying marine sedi¬ 
ments ” (= the Plantagenet beds of Miocene age). 


* About 40 miles N.E. of Albany. There is another Warriup Hill about 8J miles west of Craubrook 
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Specimens of basic dyke rocks were collected at several places both 
inland (e.g., uralitised dolerite (20,004) at Chillilup on the Pallinup River and 
Needleup between Ongerup and Jarramongup) and along the coast, where 
basic dykes were noted at Ledge Point (24831), Point Irby (20018) and at 
Point Hood (16571). Two parallel dolerite dykes, one twenty feet and the 
other ten feet wide occur approximately 1 mile north of Point Irby. These 
dykes, which strike E /W and dip 75° to the south, are of basaltic olivine 
dolerite (VD 2) in the chilled margins and quartz dolerite (VA 1) in the medium¬ 
grained central parts, and descriptions of them are given in the petrography 
section of this paper. On the south coast of the Point Hood promontorv 
about 2 miles west of the actual Point is a dolerite dyke the chilled margin 
of which is a basaltic olivine dolerite (VD 2) similar to that at Point Irby. 
This dyke which strikes 150° has been described by Clarke & Phillipps (1952). 


C. Stirling Range. 

The Stirling Range is a remarkable belt of hills rising abruptly 2000 or 
even 2500 ft. above the tableland, which is 800 or 900 ft. above the sea. The 
range runs east and west for nearly 50 miles and is nowhere more than 10 miles 
wide. In November, 1835, it was named by J. S. Roe when, in making a 
journey from “ Swan River overland to King George’s Sound, in company 
with the Governor, Sir James Stirling,” he had his “ first glimpse of an elevated 
picturesque range lying about 40 miles north from Albany.” 

The results of a geological reconnaissance of the Stirling Range have 
been described by Woolnough (1920). Woolnough’s paper is notable because 
it iccords work done single-handed in an area which is mostly, as he says, 
covered with extraordinarily dense prickly scrub ” and “ angular rubble,” 
varied by great precipitous faces.” Woolnough concludes that the range 
consists of a mass of ripple-marked and current-bedded quartzites, alternat¬ 
ing with slates, which in places have been metamorphosed to phyllites The 
mass he considers to be at least 3,000 ft. thick, and he states that the'rocks 
although generally almost horizontal, are locally very considerably crumpled, 
and, m places, overthrust. In one place he found a dyke of “ ophitic quartz 
dolerite He suggests that, on the north, south, and east the rocks are 
leavily faulted and come m contact with older gneisses and greenstones 
whereas on the west, they are invaded by Pre-Cambrian granite. 

Warriup Hill, 8} miles west of Cranbrook, is composed of cross-bedded 
sandstones striking N.W. and dipping N.E. at 15°, and Woolnough (1920, 
p. 80) says that it is an outlier of the peculiar formation which builds up 
the main range. I his suggestion is supported by the occurrence of dense 
very fine grained purplish quartzite of the Stirling Range beds in a quarry 
on the west side of the Perth-Albany road at i-mile south of the 201 -2 

rn<fk« PrKler r mined , thlS quany in Januar y> !949, and noted that the 
c s exposed arc ripple-marked purplish quartzites which strike 85° and 

stdkimr rn r A r; d m hlCh ““ traversed b -V close-spaced vertical joints 

that thP !° ' <,rad ? d beddmg ’ seen in thin sections of this rock, indicates 
that the sequence at this spot is normal. 

Feldtmann (1921) states that, about 1£ miles E.N.E. of Sukey Hill and 
"cuartnte- 3 r‘ «.<*"*?* “**>“• veins occur “n 

q * “ xems strike nearly east and are almost vertical. Feldt- 

mann o servet only one doubtful strike of the quartzites, which was N.N.W 

and ZL 0t t r ,T quartzit ®. cufcrops, only a small outcrop of epidiorite 
and what are either two aplite dykes, or aplitic marginal portions of a 

S sukev^EhU ” H 30 C !? ms W-N W. and 50 chains N.N.W. respectively, 
of bukey Hill. He considers that “ it seems reasonable to regard the barite 
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as derived from a deep-seated magma. It is interesting to note in connec¬ 
tion with the occurrence of the barite veins in the Stirling Range beds at 
Cranbrook that barite veins also occur in the slates and quartzites of the 
Cardup Series in the Darling Scarp where they are considered (Prider, 1943, 
p. 51) to be genetically related to the intrusive quartz dolerites. Both in the 
Stirling Range and the Darling Scarp areas we find therefore a sequence of 
low-grade meta-sediments intruded by quartz dolerite dykes and containing 
barite veins. It has been suggested (Prider, 1943, p. 52) that the Stirling 
Range beds belong to the Nullagine System (of Proterozoic age) as do the 
Cardup Series, i.e., they are younger than the granites. Woolnough how¬ 
ever considers that the Stirling Range sediments are intruded by granite 
and describes (1920, p. 91) the intrusive relations of the granite to the sedi¬ 
ments at a point an eighth of a mile west of the slate quarry on Loo. 2772. 
In view of the significance, so far as the age of the Stirling Range beds is 
concerned, of this contact we re-examined the vicinity of the slate quarry 
but at the point indicated by Woolnough as the contact we could find only 
slates with interbedded bands of quartzite. Prider in 1949 also examined 
this area and located granite, a medium even-grained variety, at 15 chains 
W.S.W. from the southern slate quarry (see text figure 2). In Slate Quarry 
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Text fig. 3. 

The Stirling Range: Sketch map showing structures observed by R. T. Prider. 












10 


E. de C. CLARKE, H. T. PHILLIPPS AND REX T. PRIDER. 


Oeek the closest granite outcrops to the slate quarry are at 27 chains down¬ 
stream where coarse porphyritic granite outcrops. Nowhere was the actual 
contact between the granitic rocks and the Stirling Range beds exposed but 
from the mapping based on the nature of the soil the contact appears to 
trend 310° which is oblique to the strike of the beds (48°) and to the cleavage 
'developed in them (85°). This contact appears to be a fault rather than 
an igneous contact as described by Woolnough. Moreover Woolnough (1920. 
p. 91) says in connection with this contact that “ At the immediate point of 
contact the granite is intensely acid, and passes into the slates in the form 
of vein quartz loaded with partially to almost completely digested and 
assimilated fragments of jasper ”—Prider when examining this area found the 
white quartz rock at 10 chains W.S.W. from the slate quarry, a rock which 
at first sight appears to be white vein quartz but which on closer examination 
is seen to be a tightly cemented fine conglomeratic quartzite with well- 
rounded water-worn quartz granules to 3 mm. diameter (25324). The same 
type of material is interbedded with the slates and quartzites at 10 chains 
S.W. of the quarry where Woolnough (1920, p. 92) says “ a tongue of quartz 
porphyry intrudes the quartzite.” Specimens of quartzite collected by 
Prider in this particular spot could easily be mistaken for quartz porphyry 
•except for the rounded nature of the quartz “ phenocrysts.” The conclusion 
that we have readied from these observations is that the contact here between 
the granite and the Stirling Range beds is, most probably, a faulted rather 
than an igneous one. 


Prider in January, 1949, made some observations at various places in 
tthe range and these are set down in text fig. 3 together with some structural 
•data obtained from a study of air photos of the area. Insufficient field work 
has been carried out to determine the structure of the range but Prider’s 
work indicates that :— 

(i) The Stirling Range beds are post-granite and pre-dolerite and therefore 
most probably are of Nullagine (Proterozoic) age. 

(ii) The basic dykes in this area are more abundant than at first supposed. 
Woolnough (1920, p. 92) says “ throughout the length and breadth of the range 
<only one basic dyke was definitely located .... one .... which crosses 
tthe ridge of Toolbrunup immediately to the west of the highest summit.” 
We found a dolerite dyke on the east face of Mt. Hassell and Prider has foimd 
two east-west striking dolerite dykes on Phillipps’ Spur to the south of Tool¬ 
brunup, another striking E.N.E. near the southern face of the range at 4£ 
miles south-east of the highest point of Yungermere and a fourth dyke (of 
quartz diorite) striking N.W. at 35 chains N.N.W. from the Tenterden Slate 
'Quarry on Location 2772. 

(iii) There are zones of intense disturbance at various places such as 
Phillipps’ Spur south of Toolbrunup, half-way up the west face of Yungermere, 
-and at 4£ miles S.E. of the crest of Yungermere, where there has been much 
•overfolding from the south. Within these zones the quartzites and phyllites 
are intensely contorted and the drag folds pitch 10° to 15° in the direction 
110° magnetic. In all the disturbed zones seen in the field the pitch was 
always flat in the direction of 100° to 120° magnetic. Moreover the cleavage 
also strikes in this direction and dips from 30° to 60° to the south and the drag 
structures read south block up. The same structures were noted in the less 
disturbed beds in the Tenterden Slate Quarry. 
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(iv) In the flat-bedded sections of the Range away from the intensely 
disturbed zones mentioned in (iii) the sequence, as judged from graded bedding 
(seen in thin sections from oriented specimens) and current bedding, is normal. 
This is the case at the quarry on the west side of the Perth-Albany highway 
at i-mile south of the 201-mile peg, at Toolbrunup, Mt. Hassell, Warrungup, 
and Yungermere. 

(v) Current-bedding observations on Phillipps Spur (Toolbrunup) and 
Yungermere indicate that the source of the sediments was from the W.S.W. 

(vi) The structure of the Bluff Knoll mass is a broad gentle syncline with 
an E—W axis as has been noted by Woolnough (1920, p. 103). 

(vii) The Bluff Knoll-Isongerup section of the Range is traversed by 
many nearly vertical fractures striking approximately 320° magnetic. These 
straight fractures are very prominent on the aerial photographs and can be 
traced out in the foothills both to north and south in the stream pattern. 
The air photos of the S.W. trending dolerite dyke (visited in the field) at 
41 miles south-east of Yungermere show that this set of vertical fractures 
is of a post-dyke age as they produce an offsetting of the vertical dyke where 
they traverse it. It is interesting to note that this set of fractures nearly 
parallels the mapped contact between the granite and Stirling Range sediments 
at the Tenterden Slate Quarry, which, as has been indicated above, is most 
probably a faulted contact, and is, moreover, parallel to the well developed 
vertical joints in the quartzites near the Perth-Albany highway at 201J miles 
from Perth. 

Tentative conclusions regarding the development of the Range which may 
be drawn from these observations are :— 

(a) The Stirling Range sediments were a shallow water facies (see petro¬ 
graphic notes in Section V.E. below) derived from higher country to the 
S.W. 

(b) The deposition of the sediments was followed by overthrusting from 
the direction approximately 200° along parallel thrusts dipping about 45°S. 
(text fig. 4). There was a considerable strike-slip component in this over- 
thrusting with the south (hanging-wall) block moving to the east causing the 
general easterly pitch of the drags associated with the overthrusting. This is de¬ 
duced from structures seen on the southern face of the range. Woolnough (1920, 
p. 103) records “ overtlirust faulting from south to north, with formation of 
crush conglomerate, on Warrungup ” which supports this hypothesis. We 
have made no observations along the northern face of the Range but feel 
that observations to the north of Bluff Knoll and Isongerup would throw 
much light on the structural history of the Range. The low-grade meta- 
morphism of the Stirling Range beds was effected during the period of over¬ 
thrusting. 



Text. fig. 4. 

Diagrammatic cross section to illustrate suggested structure of 

Stirling Range. 
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(c) The next event was the intrusion of quartz dolerite dykes—petro¬ 
graphic examination (see Section V.F. below) indicates that these basic in¬ 
trusions have not been subjected to the overthrusting movements. 

(d) Then followed a further period of earth-movement which was responsible 
for the development of the vertical fractures striking approximately 310°. 
Judged from the distribution of granite and Stirling Range sediments at the 
western end of the range the movement on these fractures was mainly strike- 
slip with the N.E. block moving S.E. 

The sequence of events outlined above differs considerably from the 
conclusions reached by Woolnough (1920, p. 112) that “ the sediments must 
have been preserved from denudation in a senkungsfeld [and] it is probable 
that the latest differential movement has resulted in the uplift of the sedi¬ 
ments.” Much more field work is required however before any definite 
conclusions can be reached regarding the structure of this area. 


D. The Barrens. 

This division is a strip, 20 or 30 miles wide, which extends N.E. for about 
80 miles from the lower part of the Gairdner River. It includes the con¬ 
spicuous West, Middle, and East Mount Barrens, Mount Bland, and the 
Whoogarup and Eyre Ranges. The 10 miles of rugged country comprising 
Middle Mount Barren and the Whoogarup Range should be interesting geo¬ 
logically, but we were able to see only something of its southern edge along 
the coast for 4 miles S.W. of Hamersley Inlet and for 1J miles N.E. of Dempster 
Inlet. 

The Barrens division seems to be made up entirely of metasediments 
interspersed with sills or dykes of basic rock. The regional strike is N.E. 
but the rocks are generally closely folded and the strike varies greatly. 

One’s first impression is that quartzites are the most abundant rocks, 
but this may well be a mistake, for their strong resistance to erosion and 
weathering leaves them standing above big expanses of obscured ground, 
which is probably underlain by more easily disintegrated schists. In any case 
the quartzites and other metasediments vary rapidly along the strike ; thus 
we find quartzites grading into muscovite quartzite and thence into quartz- 
albite-muscovite-biotite schist ; again, quartzose phyllite may pass into mica 
schist or into coarse quartz-muscovite-chlorite schist, or again in a few places 
into kyanite schist. The more politic rocks are generally light grey in colour 
but in places they are much darker and contain a good deal of fine granular, 
ilmenite. In a few places we found narrow bands of metaeonglomerate 
interbedded with ilmenite-bearing quartz-clilorite-muscovite schist (meta¬ 
grey wacke). This conglomerate is intra-formational, for its dragged-out 
pebbles are fragments of the interbedded schist. I here are relics of cross- 
bedding in some of the coarser-grained rocks. Although calcareous rocks 
are rare, a band of red marble-breccia outcrops among quartzites and schists 
on the coast about 1 mile west of Hamersley Inlet and, in the Phillips River 
about 10£ miles below the crossing of the road to Ravensthorpe is a bed of 
limestone which is probably the continuation of the “ grey marble men¬ 
tioned by Simpson (1948, p. 326). 

It seems then that the principal rock-assemblage in the Barrens division 
was once a series of shallow water sediments. 
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Although the rocks vary greatly along the strike, there is a larger develop¬ 
ment of the finer-grained, more pelitic type with minor intercalations of 
quartzite, between Point Ann (at the end of No. 2 Rabbit-Proof Fence) and 
Point Charles (at the mouth of the Fitzgerald River), in the Gairdner River 
(from 5 to 35 miles above its mouth), in the Fitzgerald River (from 14 to 
23 miles below the crossing of the Ravensthorpe Road) and in the Phillips 
River (from 8 to 14 miles below the same crossing). 

The Phillips River section is particularly interesting, and should repay 
much more thorough investigation than ours, for not only does it show the 
occurrence of limestone already mentioned, but also an exposure of granite 
among the metasediments. Further work may show the character of the 
contact which we could not find. Incidentally, we did not succeed in finding 
anywhere a contact between the gneisses of the other divisions and the meta- 
sediments. A. C. Gregory (1849) found that on the north side of East Mt. 
Barren the rocks are “ stratified and softer, in some places quite black, the 
colour being caused by the great quantity of carbonaceous matter.” It is 
likely then that in this part, which we have not seen, there are graphite schists. 

We have not examined the Fitzgerald River except near the crossing 
of the old track about 5 miles above the mouth of the inlet, and near the 
crossing of the Ongerup-Ravensthorpe road. Coal has been reported from 
the Fitzgerald and the main object of J. S. Roe’s exploration in the latter 
part of 1848 was to examine this coal deposit. The coal is probably of Ter¬ 
tiary age and the only interest it has here is the incentive it provided for the 
examination of the basement rocks in this area. Thus Nicolay (1876) visited 
this occurrence and his map indicates that the schists hereabouts strike N.E. 
Blatchford (1922 b, p. 17) records that the rocks underlying the coal “ have a 
general east and west strike, with a prevailing southerly dip.” 

If we are right in supposing that the Barrens rocks continue north-east¬ 
wards across the Phillips River, then there must be a marked decrease in 
the quantity of quartzite relative to schists. This change is reflected in the 
topography for, in contrast with the rugged Whoogarups, Eyre Range, etc., 
the relief is mild and there are no rough quartzite hills, although fairly con¬ 
spicuous outcrops of quartzite do occur. 

The dominant rock in this part is a sericitic phyllite, which is bleached 
almost white by weathering and contains many thin quartzose layers which, 
when the phyllite weathers, break into small discs and cover the ground, as 
for example at the deserted Kundip townsite. We did not examine the 
coast east of Hopetoun, having been informed that it is sandy for a long distance, 
and so have not seen any unweathered exposures of the phyHites. 


On the Ravensthorpe-Esperance Road, about 16J miles from Ravens¬ 
thorpe, at the crossing of Bandalup Creek, quartz-felspar-muscovite schist, 
originally a fine-grained arkosic sandstone, is interbedded with a hornblende 
schist (schistose quartz-plagioclase amphibolite) and extends for at least a 
mile east of Bandalup Creek. 

W e do not know of any account of the geology of the country immediately 
north and north-east of Bandalup Creek, except a note by Ellis (1941) that 
the weathering of basic dykes, intrusive into quartzites and mica schists, 
has produced magnesite.” Therefore we have not shown the Barrens rock- 
association as extending farther east than Bandalup Creek. 
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Kundip, an almost defunct mining centre less than a mile north of Kundip 
townsite where the phyllitic scries striking N.E. occurs, stands on low ridges 
at the southern end of a N.W.-trending belt which includes Ravensthorpe 
(Woodward, 1*901 b). 

It should be noted that nearly 40 years ago Montgomery (Montgomery 
& MacLaren, 1914, pp. 17-23) pointed out that at “ McCulloch’s,” an old 
copper prospect 5 miles north of the mouth of Hamersley Inlet and in a schist 
phase of the Barrens rock-group, the regional strike is very different from 
that near Ravensthorpe. In topography and geology the Ravensthorpe belt, 
which we have not studied, is similar to the greenstone belts of the Goldfields. 
Kundip may therefore some day give some information about the relationship 
of the north-easterly striking metasediments of the Mt. Barren belt and the 
north-westerly striking metamorphie rocks of the Eastern Goldfields. 

We found very few intrusions into the metasediments of the Barrens 
division. A possible granite intrusion in the Phillips River has been mentioned 
and basic dykes or sills intrusive into the schists and quartzites were noted in 
the Eyre Range and in the Phillips River. However, many years ago Blatch- 
ford (1918, p. 12) stated, regarding the Barren Ranges generally : “ At the 
surface one finds a repetition of quartzites and quartz dolerites standing at a 
high angle . . . and striking approximately east and west. The prevailing dip 
is to the south.” Petrological examination of the basic igneous rocks from 
the Barrens rock-group reveals that for the most part they are sheared and 
completely uralitised quartz dolerites and gabbros, which, because they have 
been involved in the folding movements which have affected the metasedi¬ 
ments, differ from the younger unaltered quartz dolerite dykes (see below in 
Section V.B. of this paper). 


E. Ongerup-Israelite Bay. 

The inland part of the Strip from near the east end of the Stirling Range 
to Ravensthorpe, Esperance and Israelite Bay, is a plain, much of which is 
covered by the Miocene Plantagenot Beds. Pre-Cambrian gneisses and 
granites with occasional basic dykes are exposed here and there in the broad, 
shallow valleys and as hills, generally low, which project above the plain. 
We examined most of the outcrops along the Ongerup-Israelite Bay road, 
but had not the time to follow up and down the valloys that crossed it, and in 
which there are likely to be many exposures of the bed-rock. As these valleys 
cross the regional strike they are likely to-yield more information than the 
much more spectacular coastline which tends to run with the strike. Our 
inland travels have therefore done little to check the conclusions to which t he 
coastal geology led us. So far as we can learn the Pre-Cambrian rocks along 
the Ongerup-Esperance road are the same gneisses and granites, with occasional 
basic dykes, as those which form the coast from Long Point to Point Hood. 

The neighbourhood of the graphite and vermiculite occurrences on the 
Munglinup and Young Rivers, 5 and 15 miles respectively north of the 
Ravensthorpe-Esperance road, is the only part of the Strip between Ravens¬ 
thorpe and Esperance which has been geologically exammed. Blatchford 
(1917 and 1919) wrote in 1917 that “ more or less basic rocks have intruded 
the granite. These intrusions vary from narrow dykes .... to masses of 
rock several hundred feet wide.” The graphite deposits are ‘ in a small 
belt of very weathered rock . . . which is entirely encased m a belt of quartz 
diorite” which strikes in a general N.E. direction and is surrounded by 
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" granite. ’ He notes that near the surface magnesite and opal have been 
deposited. Farquharson (Blatchford, 1917, p. 18) made a petrological examina¬ 
tion of Blatchford’s specimens and concluded that probably “ the lode material 
is in part the alteration product of a granitic pegmatite, in part an extremely 
weathered and probably sheared basic rock of serpentine or gabbroid affinities 
which the pegmatite dykes have intruded.” 


Ellis (1941 and 1944) writes that the graphite and vermiculite deposits 
are in rocks that are “ markedly gneissic with biotite, hornblende, and 
occasionally garnet the predominant minerals after quartz and felspar,” 
and states that the gneisses contain one or more bands of graphite schist. 
Near the Young River less than a mile north of the graphite prospect, is a 

‘‘ complex of basic rocks comprising mainly massive hornblendites. 

intrusive into interbedded hornblende granulite and biotite gneiss, striking 
approximately N. and S. and dipping at from 30° to 55° to the east. The 
basic intrusive rocks, frequently massive and coarse-grained, and the gneissic 
series, have been invaded by granite and pegmatite.” 

The distance from the Munglinup River through Esperance to Israelite 
Bay is about 200 miles by the road and tracks which we took, and all that we 
know of the geology of this part of the Strip came from two journeys—one 
by Phillipps and Clarke which took about ten days, and one of about 14 days 
by Phillipps, accompanied by Mr. A. E. Paton. Phillipps and Clarke on 
their trip spent two days at Cape Le Grand, one day at Duke of Orleans Bay, 
one day at the mouth of the Thomas River, and one day at Point Malcolm ; 
they then travelled north to the Eyre Highway, stopping one day at Mount 
Ragged. Phillipps, on his later journey, spent 7 days at Mount Ragged and 2 
at Mount Russell. The balance of the time on both trips was taken up bv 
travelling, with short stops to examine exposures near the route. 

With such meagre acquaintance with the rocks in this part of the Strip 
we can only say that they seem to be the same gneiss-granite complex as that 
between Long Point and Point Hood, and that their prevailing strike is N.E. 
to E.N.E. Dolerite dykes are less abundant but pegmatites are more plenti¬ 
ful than in the western part of the Strip. 


Maitland (1925, p. 5) states that the main formation in the vicinity of 
Cape Pasley is “ highly micaceous gneissic granite ” which “has a general 
north-east, and south-west strike ” with “ vertical foliation planes.” He 
found at Cape Pasely “ a very coarse grained pegmatite dyke, measuring 
lo feet in width and having a very considerable horizontal extent ” along 
t le vertical foliation planes ” of the gneissic granite. “ The pegmatite 
contains potash mica in . . . small books ... in addition ... the dyke contains 
some large fragments of ... microcline.” He also states that mica occurs 
about three miles north of Bellinger Sand Patch in pegmatite dykes as 
books, from some of which sheets three by four inches could be cut.” 

Bands of strongly schistose rocks have been already noted much farther 
west, at Munglinup and the Young River. There is another occurrence of 
schistose rocks on the floor of a small lake (almost dry in January, 1948) 
which is half a mile south of the Old Telegraph Line and about six miles 
south-west of Point Malcolm. A band of hornblende schist, one chain wide 
is exposed in a claypan about 4 miles to the E.N.E. of this spot. It is crossed 
by a graphic pegmatite (24492) and lies parallel to a bed of very coarse quartz¬ 
ite, but gneiss seems to be the prevailing rock. 
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As stated in another paper (Clarke & Phillipps, 1952) little is known about 
the geology of tho Recherche Archipelago. Woodward (1909, p. 17) wrote 
that the “ granite ” which is the bed-rock of Christmas Island (20 miles S.E. 
of Israelite Bay) is evidently much folded gneiss invaded by porphyritie 
granite which is pale flesh-coloured, with scattered crystals of orthoclasc 
up to 1 inch in length. This granite gives out dyke-like extensions in which 
“ the rock changes rapidly into pegmatite .... Whilst further still from the 
primary magma those pass almost imperceptibly into quartz veins which 
occasionally contain a little felspar or mica in the form of large crystals, 
the latter being mostly biotite. Intersecting the entire series are numerous 
narrow veins of highly basic fine-grained greenstones containing much magne¬ 
tite. 

Mr. F. G. Forman visited some of tho islands of the Recherche in 1942 
and has kindly allowed us to use his notes and to examine tho specimens he 
collected. The specimens from Pasley, Middle, Goose, and Christmas Islands 
indicate that the basement rocks are similar to those of the mainland. Thev 
are gneisses with basic bands intruded by fine even-grained granites and bv 
still younger dolerites, the specimen of dolerite from Pasley Island being a 
fine-grained olivine dolerite (V.D.l). Calc-silicate rocks occur associated with 
the more granitic gneisses and a rather interesting specimen of grossularite- 
epidote-diopside granulite somes from Middle Island. The 4i porphyritie 

granite.with scattered crystals of orthoclase up to 1 inch in length 99 

of Christmas Island mentioned by Woodward (1909, p. 17) is undoubtedly 
similar to the Esperance granite but is not represented in the collection made 
by Mr. Forman. On Pasley Island the foliation of the gneisses strikes 70° 
and dips steeply to the south-east and the olivine dolerite dyke 15 ft. wide 
intrusive into these rocks strikes 330° and is vertical. On Goose Island the 
strike of the gneisses and associated ilmenitic quartzites is 65° and they dip 
• 30° to 45° S.E. In Goose Island Bay on Middle Island the average strike of 
the gneisses is N.E. and the dip is 30° to 45° S.E.—the fold axes here are 
overturned to the N.W. and the drag fold structures pitch from 10° to 20° S.W. 
From these data it is evident that the general N.E.-S.W. trend of the older 
Pre-Cambrian rocks of the South Coast strip is maintained in the Recherche 
Archipelago. 


F. Mount Ragged Belt. 

Maitland (1925, p. 5) describes Mount Ragged as made up of “granitic 
gneisses and allied schistose rocks . . . The schists seem to be genetically 
related to plutonic igneous rocks and probably owe their origin to the trans¬ 
mutation of a granite as a result of the stresses to which it has been subjected 
since consolidation.” Larcombe, in the same report, describes the micro¬ 
scopic features of two of the rocks, and considers both to be 46 quartzitic ” and 
of sedimentary origin. Prider (section V.A of this paper) also considers 
these rocks to be high grade meta-sediments. 

Mount Ragged and the Russell Range are, like the Barrens, composed 
of siliceous metasediments and are rugged and precipitous, but their meta¬ 
sediments are more highly metamorphosed. 

Mount Ragged is an isolated ridge trending slightly east of north. It is 
about 3£ miles long, half-a-mile wide at the south and two miles wide at the 
north end. It consists of steeply dipping muscovite quartzites interbedded 
with quartz-muscovite schists. Near the south-west end some of the quartz- 
muscovite schists carry porphyroblastic andalusite (24517-8). Dragfold 
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A. The metasediments. 

As has been shown in the earlier section of this paper dealing with the 
field occurrence of the rocks there are three distinct areas occupied by rocks 
of metasedimentary origin. There is firstly the Gairdner River-Phillips 
River (Barrens) belt in which the metasediments have been intruded by 
basic igneous rocks (see B. below). There is the Mt. Ragged belt approx¬ 
imately 200 miles to the east in which the metasedimentary quartzites are of 
much higher grade metamorphism and are intruded by pegmatites and be¬ 
cause of this are considered to be Archaean. Finally there is the Stirling 
Range area where the metasediments are of very low grade (chlorite zone) 
metamorphism and although intruded by dolerite dykes they appear to be 
younger than the granitic rocks and are therefore post Archaean in age. 

In this discussion of the petrography of the rocks of the Strip the meta¬ 
sediments of these three distinct areas will be considered separately—those 
which may be the equivalent of the Whitestones of the Goldfields areas are 
dealt with here and the rocks of the post-granite Stirling Range beds are 
described below 7 under E. 


1. The metasediments of the Gairdner River-Phillips River (Barrens ) belt. 

The rocks from this belt consist of various quartz-muscovite-chlorite schists 
with interbedded quartzites and meta-conglomerates. The grade of meta¬ 
morphism is low except in the vicinity of West Mt. Barren and East Mt. 
Barren where we find the sporadic development of kyanite in the schists. 
A characteristic feature of the rocks examined from this belt was the presence of 
greenish tourmaline which occurs in small amount in both the quartzites and 
schists and also the presence of a pale green mica. Biotite is of rare occur¬ 
rence. 

For the purpose of these petrographical notes the available specimens 
from this belt are subdivided into :— 

(a) Quartzites ; (b) schists ; (c) limestones. 


(a) The quartzites. 

Very few quartzites in the collection are free from muscovite and chlorite. 
Specimen 17489 from 2 miles east of Pabelup Swamp is representative of this 
mica-free group. It consists entirely of a granoblastic aggregate of quartz 
in which the average grain-size is 0*3 mm. diameter. The quartz grains have 
interlocking crenulate boundaries and are generally somewhat elongated 
(index of elongation = 2). All signs of original clastic structure have been 
obscured by the complete recrystallisation. 

Some of the quartzites of Pt. Ann (e.g., 13316) which are interbedded with 
the contorted muscovite schists are also comparatively free from mica oi 
chlorite but show the effects of extreme deformation, the quartz grains being 
lenticular with an average index of elongation, of 8 to 10 (plate II, fig. 1) 
and showing in addition, very strong undulatory extinction. 

The muscovite quartzites form a group intermediate in character be¬ 
tween the quartzites and quartz-muscovite schists. Specimen 17480 from the 
coast 3 miles S.W. of East Mt. Barren is typical. It is fine-grained platy 
quartzite which tends to split into sheets of the order of ^inch thick due to 
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structures indicate that the structure of the south end of Mt. Ragged is an 
anticline overturned to the east and plunging south at about 12° and at the north 
end is a syncline plunging north at about 6°, these folds being separated by an 
anticlinal cross-fold about 2 miles north of the south end of the mountain. The 
various beds, of which the mountain is composed, outcrop a few feet above 
the plain at the north end, where they may be readily studied. They strike 
about 20° east of north in the direction of the Russell Range and the more 
distant range, which includes Mt. Dean and Mt. Esmond. 


The Russell Range strongly resembles Mt. Ragged and lies about 4 miles 
to the north-east. Tho south end is composed almost entirely of highly 
gametiferous quartz-mica schist containing some large quartz reefs. This is 
overlain by micaceous schist and micaceous quartzite which appears to make 
up the bulk of the range. The serrated tops of both Russell Range and Mt. 
Ragged are composed of a very hard grey quartzite. 


It was not possible to visit the Mt. Dean and Mt. Esmond Range, but 
it appears that it and Wolgrah Hill represent part of the same belt of meta¬ 
sediments. The Pup and Cora Hill, about 15 miles south of Mt. Ragged are 
undoubtedly similar. Mica Hill, which is reported (but only by hearsay) 
to show considerable quantities of sillimanite, and which also contains peg¬ 
matite dykes carrying books of muscovite, is probably on the western margin 
of the belt. Again, on the old telegraph line, 30 miles south-south-west of 
Mt. Ragged, is a belt of coarse quartz rock (24483), perhaps three or four miles 
wide and striking north-east. On either side of it is gneiss. Some of this belt 
is reef quartz, but the more flaggy rocks are quartzites. 


• 

A muscovite quartzite (24513), which outcrops near the track to Norseman, 

8 miles west of Pt. Dempster, is probably near the eastern edge of this belt 
of metasediments, which would, in that case, be more than 15 miles wide. 

In view of the high degree of metamorphism of these metasediments and the 
general trend of the belt, they are most probably contemporaneous with the 
adjoining gneiss. 


V. PETROGRAPHY. 

The collection of specimens made by E. de C. Clarke and H. T. Phillipps 
in the course of their field reconnaissance of the south coast of Western 
Australia may, for petrographic purposes, be subdivided as follows :_ 

A. The metasediments of : 

!• The Gairdner R.-Phillips R. (Barrens) belt. 

2. The Mt. Ragged bolt. 

B. Tho greenstones associated with the Gairdner R.-Phillips R. 

metasediments. 

C. The gneisses. 

D. The intrusive granites. 

E. The Stirling Range metasediments. 

F. The basic dykes. 
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(b) The Schists. 

The schists of the Gairdner River-Phillips River belt include ineta-pelites, 
meta-arenites, and meta-conglomorates. They are of variable mineral com¬ 
position and grade of metamorphism, varying from sericite phyllites through 
quartz-chlorite-muscovite schists to quartz-muscovite-biotite schists and 
kyanite-bearing schists. As with the quartzites of this metasedimentary 
belt, they are all characterised by the presence of greenish tourmaline and 
rounded purple zircons as heavy mineral accessories. Typical representatives 
of the schists are :— 


(i) Quartz-muscovite schist. 

All the schists of this group are fine-grained and phyllitic in character. 
Specimen 13332 from the coast approximately J-mile S.W. from Point Charles 
is typical. It is a fine-grained, pale greenish, silky-lustred, schistose rock 
which under the microscope consists of elongated plates of pale green non- 
pleochroic, highly birefringent mica (elongation index averaging 9 in flakes 
up to 0-15 mm. iong), elongate lenticular grains of quartz (elongation index 4) 
and abundant prisms of opaque, slightly magnetic, ?ilmenite. All these min¬ 
erals are elongated parallel to the schistosity. The pale green mica has £ = 
1-61 and (-)2Y = 31° and is therefore a muscovite. The accessory con¬ 
stituents are apatite in stout prisms, extremely small zircons, and rare small 
pale greenish tourmaline prisms. In a similar rock (13312) from Point Ann 
there is an abundance of greenish brown tourmaline similar to that of the 
quartzites described above. 

Another specimen of this group which is of interest is 17476 from the 
mouth of a creek approximately three and one-third miles west of the mouth 
of the Hamersley River. This rock is slightly coarser textured and the orig¬ 
inal clastic structures are preserved. There is a well-defined current-bedded 
structure which is emphasized by the presence of heavy mineral bands. The 
main constituents are quartz (average grain size 0-08 mm. diameter) and 
green muscovite in the light-coloured bands and green muscovite, black 
opaque ilmenite, pinkish rounded zircons, granular yellow anatasc and a minor 
amount of quartz in the heavy mineral bands. A heavy mineral separation 
in bromoform indicates that the heavy fraction constitutes nearly half the 
mass of the specimen and that it is made up of approximately 60% ilmenite, 
<>0% of zircon and 20% of a yellow, non-pleochroic, highly birefringent 
mineral with refractive indices much higher than 2-06. This mineral yields 
positive tests for titanium and is, most probably, anatase. No tourmaline 
was noted in the heavy fractions. 


(ii) Quartz-chlorite-muscovite schist. 

The rocks of this group are interbedded with and similar in all respects 
to the quartz-muscovite schists described under (l) above except that they 
carry in addition a considerable amount of chlorite. The presence of this 
chlorite-muscovite association is clear evidence of the low grade oi meta¬ 
morphism to which these rocks have been subjected. The type specimen 
of this group is 13331 from £-mile south-west of Point Charles—it is a thin- 
bedded greenish schistose rock in which the flow cleavage is approximately 
at right angles to the bedding indicating that the specimen is from the axial 
region of a fold. The lighter-coloured bands contain a higher proportion 
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the presence of extremely thin muscovite-rich layers. Under the microscope 
the wide more quartzose bands consist of an equigranular granoblastic ag¬ 
gregate of unstrained quartz grains which average 0-15 mm. diameter. There 
is a tendency for the quartz grains to be slightly elongated. This elongation 
is parallel to the schistosity produced by the parallel orientation of small 
muscovite flakes which are present to the extent of approximately 5%. The 
muscovite flakes average 0-05 mm. long and generally occur between the 
quartz grains but some are enclosed within the quartz. Peppered uniformly 
throughout are small granules of black opaque iron ore and occasional grains 
of tourmaline. In the very thin muscovite-rich layers which, as noted above, 
are spaced at intervals approximately 5 mm. apart, there is a marked con¬ 
centration of these heavy minerals which include, in order of abundance : 
black opaque iron ore, green tourmaline and purplish zircon. 


The tourmaline which is a constant heavy mineral accessory in the meta¬ 
sediments of the Barrens Belt occurs in grains showing no signs of abrasion. 
It appears to be constant in its characteristics and to be schorl with strong 
pleochroism w = deep green, e — pale clove-brown and u> — 1 • 660. 
Many of the tourmaline grains have a deeper coloured strongly pleochroic 
rounded central part surrounded by a thin outgrowth of practically non- 
pleochroic pale green tourmaline—these appear to be original detrital rounded 
schorl grains with authigenic outgrowths of elbaite. The muscovite quartzites 
from West Mt. Barren (7482) also show tourmaline with these characteristics. 


The zircon is in much smaller grains than the tourmaline, is of the pink 
or purple variety and shows rounding without any authigenic outgrowths 
as iii the tourmaline. 


\\ ith an increase in the muscovite content the muscovite quartzites 
become very slaty as evidenced by specimen 13315 from Pt. Ann. This slaty 
muscovite quartzite splits readily into laminae 1 mm. or less in thickness and 
on these cleavages a distinct lineation can be seen. Thin sections cut paral¬ 
lel to the slaty cleavage show that this is due to a noticeable elongation of 
the mica flakes and a slight elongation of the quartz grains parallel to the 
lineation. Since the orientation of the specimens is unknown no petrofabric 
work has been done on these rocks but the slices examined indicate that 
fabric studies may yield interesting results. The slaty muscovite quartzites 
of Pt. Ami (as exemplified by 13315) are similar to the muscovite quartzite 
described above except for their higher muscovite content, their finer grain 
and the tendency for the quartz to occur in more elongated grains. The 
heavy accessories are iron ores, tourmaline (again in rounded grains of schorl 
with irregular colourless outgrowths) and zircon. These slaty quartzites 
form an intermediate group between the quartzites and quartz-muscovite 
schists which are deesribed below. 


Another variant of the quartzites is a chlorite quartzite (24113) from the 
coast south of Middle Mt. Barren. This rock is a greenish grey quartzite 
and m it the place of muscovite is taken by a light green pleochroic chlorite 
A notable accessory in this rock is a greenish brown tourmaline in grams to 
0 “5 mm. diameter, —much larger than those noted in the muscovite quartz- 
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of quartz in recrystallised lenticular grains and the darker bands are pro¬ 
portionately richer in green chlorite and ilmenite. The yellow anatase noted 
in specimen 17476 (see under (i) above) is present also in these chlorite-bearing 
schists and, together with ilmenite, is very abundant in 13333 from Point 
Charles—this latter specimen is from a heavy mineral band in the sediments. 

(iii) Biotite-bearing schists . 

Biotite is a comparatively rare constituent in the schists represented in 
the collection. The lowest grade rock in which it appears is 13311 from 
Pt. Ann. This is a silky-lustred, dark grey phyllite which contains a marked 
development of small biotite flakes which are often arranged normal to the 
schistosity. The constituents are sericitic muscovite, quartz in elongated 
grains, brown biotite and comparatively abundant accessory greenish brown 
tourmaline similar to that occurring in the quartzites described above. The 
rock is best described as a quartz-biotite-sericite phyllite. 

Much higher grade completely recrystallised biotite schists occur in the 
St. Mary’s River approximately 3 miles west of Pt. Ann. Specimen 13326 
is an example—it has a schistose structure and a marked development of 
muscovite plates which are often arranged transversely to the foliation. The 
constituents, in order of abundance, are greenish brown biotite (in plates averag¬ 
ing 0- 7 mm. in length), muscovite (plates averaging 1 • 5 mm. in length generally 
growing transverse to the schistosity), smaller grains of quartz, an abundance 
of small granules of epidote, and several porphyroblasts of clear albite en¬ 
closing small biotite flakes and epidote granules. These coarse-grained 
dark-coloured epidote-muscovite-biotite schists are associated with finer- 
grained light-coloured schists (13324, 13327) in which there is a much higher 
proportion of quartz and albite, and biotite becomes a minor constituent. 
These biotitic muscovite-albite-quartz schists are a meta-arkosic facies of the 
same group of sediments. 

(iv) Meta-conglomerates. 

Schists containing lenticular sheared pebbles and clearly derived from a 
conglomerate facies occur between Pt. Ann and Pt. Charles. Specimen 13329 
is a silky lustred muscovite schist containing darker coloured sheared pebbles 
which under the microscope prove to be fine grained quartz-muscovite schist 
with abundant ilmenite and anatase, and thus similar in all respects to the 
schists described under (ii) above. In view of the close petrographic similarity 
between the pebbles and the schists with which the meta-conglomerate 
is associated this appears to be an intra-formational conglomerate. 

At Dempster Inlet meta-conglomerates occur interbedded with the schists. 
Specimen 24112 is typical. It consists of sheared-out pebbles of quartzite 
in a fine-grained siliceous matrix. The original quartzite pebbles were well 
rounded and now appear as elongated ellipsoids up to several inches in length. 
The measurements of one such sheared pebble, 7 cm. x 2 cm. x 1 cm., will 
indicate the order of the "stretching” that has been effected in this’con¬ 
glomerate. This rock is now a schistose muscovite quartzite. 

(v) Kyanite-bearing schists. 

Kyanite schists have been noted in a number of localities. Specimen 
7483 from West Mt. Barren is typical. It is a coarse-textured rock with an 
abundance of kyanite in stout prisms of the order of 1 to 1J mm. in length 
occurring in a granoblastic aggregate of quartz, muscovite, and pale green 
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chlorite, with accessory opaque iron ores. The kyanites contain many granular 
iron ore inclusions similar to those in the schists which occur east of the 
Hamersley Inlet. A collection of the kyanite schists of this area was made by 
the Government Geologist (Mr. Ellis) who has kindly allowed us to extract 
the following from the Government Chemist and Mineralogist’s report on the 
material collected :— 

ct The schists generally consist mainly of muscovite, quartz, and, in some 
cases, biotite ; small grains of one or more of the following minerals were 
also present :—magnetite, rutile, ilmenite, limonite, hematite, staurolite, and 
tourmaline ; the garnet present in one specimen is almandine, in somewhat 
rounded grains, 1 to 2 mm. Analyses of the kyanite are :— 


A 1203 .... 

A. 

0 / 

/o 

58-87 

B. 

0 / 

/o 

51-94 

Si0 2 . 

34-27 

34-63 

l''o 2 0 3 •••• 

2-55 

7-15 

FeO . 

1-61 

3-39 

Ti0 2 . 

0-02 

1-05 

A. Better quality kyanite. 

B. “ Black kyanite ” (containing small particles 


of magnetite and ilmenite).” 

{c) The limestones. 

Limestones are of rare occurrence, the only specimen in the collection 
being a red marble-breccia (17183) which occurs associated with the quartzites 
and schists approximately one mile west of the Hamersley Inlet. This rock 
has a brecciated structure consisting of about equal proportions of angular 
white fragments and purple-red groundmass, both fragments and groundmass 
being traversed by narrow veinlets of white carbonate. The white fragments 
are up to 1 inch diameter and consist entirely of dense dolomite in which 
the grains average 0*1 mm. diameter. The reddish coloured matrix of the 
rock is a coarser textured seriate aggregate of dolomite in which the individual 
grains measure up to 5 mm. diameter. They are dusted with tiny earthy- 
lustred hematite grains. A little jDale brownish green biotite in flakes to 
O'3 mm. diameter is dispersed throughout the matrix and there is also a little 
recrystallised hematite (in small silvery plates which are deep red in trans¬ 
mitted light) and black opaque magnetite. The white veinlets which traverse 
both the fragments and enclosing matrix are made up of comparatively coarse¬ 
grained white dolomite with a minor amount of quartz. 

2. The metasediments of the Mt . Ragged belt. 

Quartz-muscovite schists and quartzites containing variable amounts of 
muscovite and biotite are the characteristic rocks of this belt. The quartzites 
are all coarse-grained and completely recrystallised and in this respect re¬ 
semble the quartzites of the Jimperding Series as exposed in the Toodyay 
District (Prider, 1944). Andalusite occurs in some quartz-mica schists from 
Mt. Ragged. 

Typical rocks from this belt are :— 

(a) Quartzite (24483). 

A white, coarse, granulose-structured rock, which under the microscope 
is seen to consist almost entirely of quartz in interlocking grains of the order 
of 2 to 3 mm. diameter, the only other constituent being a few very small 


zircons. 
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(b) Biotite-muscovite quartzite (24486). 

A white coarse-grained rock with a platy structure. It tends to break 
into flat sheets because of the parallel orientation of the mica flakes (both 
biotite and muscovite) which constitute 5% or less of the rock. Under the 
microscope the rock is a granoblastic aggregate of quartz in grains averaging 
1£ mm. diameter. Both muscovite and greenish brown biotite are present, 
occurring associated together in between the quartz grains or as parallel oriented 
flakes enclosed in the quartz. Although the mica flakes average 0• 3 mm . 
in length larger muscovite flakes up to 3 mm. diameter are seen in the hand 
specimen. The only accessory is a few minute colourless zircons. 


(c) .1 ndalusite-quartz-muscovite schist. 

Andalusite-quartz-muscovite schist (24517) from the S.W. part, of Mt. 
Ragged is a white silky-lustred schist with porphyroblastic andalusite prisms 
up to 1 cm. in length. The rock consists essentially of quartz and muscovite 
with the andalusite prisms scattered sparsely throughout. Accessory iron 
ore is present as minute black grains evenly dispersed throughout the rock. 
This iron ore is not appreciably magnetic and appears therefore to be ilmenite 
rather than magnetite. The porphyroblastic andalusite is to a large extent 
replaced by platy muscovite in a similar fashion to the andalusite of the 
Jimperding Series at Toodyay (Prider, 1944, p. 103) but there is a considerable 
amount of residual andalusite present. 


Another specimen (24518) of andalusite-muscovite schist from Mt. Ragged 
has, in addition to the development of the andalusite porphyroblasts, an 
unusual porphyroblastic development of muscovite. The porphyroblastic 
muscovite plates averaging 5 mm. long x 0-08 mm. thick are arranged in a 
close-spaced reticulate pattern with the 001 cleavage nearly normal to the 
schistosity and thus simulate sillimanite needles. No sillimanite has however 
been detected in this or any other specimen in the collection from the Mt. 
Ragged belt. 


(d) Garnetiferous biotite-quartz-muscovite schist (32579). 

This specimen comes from the southern end of the Russell Range farther 
north along the strike of the Mt. Ragged metasediments. It is a white silky- 
lustred schistose rock with a marked development of black platy biotite por¬ 
phyroblasts up to 2 mm. diameter. Tiny pink garnet rhombdodecahedra up 
to 0-3 rum. diameter are sparsely distributed throughout the entire specimen. 
Under the microscope the structure is strongly schistose and the dominant con¬ 
stituents are quartz (in equidimensional grains averaging 0-15 mm. diameter) 
and muscovite (in plates to 0• 3 mm. long). The biotite porphyroblasts do not 
appear to have any definite arrangement and they often occur with the basal 
cleavage at right angles to the schistosity. This biotite is a brownish strongly 
p eochroic variety and has a poikiloblastic structure enclosing quartz and iron 
ore grains similar to those occurring in the groundmass. The most abundant 
accessory is a weakly magnetic black opaque ore (? ilmenite) followed by fairly 
abundant euhedral tourmaline and rare rounded zircons. The tourmaline is a 
strongly pleochroic schorl with e = clove brown, w = very dark green to black 
and is always euhedral and therefore does not appear to be detrital tourmaline. 
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The rocks of the Mt. Ragged belt are metasedimentary schists and quartz¬ 
ites, which in view of the coarse recrystallised nature of the quartzites appear 
to belong to a higher grade of metamorphism than the rocks of the Barrens 
belt. A. Gibb Maitland (1924, pp. 5—7) examined the Mt. Ragged and Russell 
Ranges in 1924 and gives descriptions and chemical analyses of two rocks 
from Mt. Ragged. The analyses of these two specimens quoted from 
Maitland (1924, p. 6) are set down in Table I. 


TABLE 1. 


Analyses of Quartz-muscovite schists from Ml. Ragged. 



A. 

B. 

Si0 2 .... 

. 92-46 

90-46 

A1 2 0 3 .... 

. 4-11 

4-88 

Pe 2 () 3 .... 

1-34 

1 -47 

FeO .... 

. 0-08 

0-10 

MnO ... 

. 0-09 

0-15 

MgO .... 

. 0-42 

0-42 

CaO .... 

. Nil 

0-09 

Na»0 .... 

. 0*04 

0-02 

K 2 0 .... 

. 1-26 

1-49 

Li0 2 


Nil 

h 2 o— 

0-08 

0-04 

h 2 o+ 

0-53 

0-67 

Ti0 2 .... 

0-11 

Oil 

p 2 o 5 

. Nil 

0-05 

Zr0 2 

. trace 


C0 2 .... 

. Nil 

0-07 

FeS 2 .... 

. Nil 

0-11 


100-52 

99-85 

Sp.Gr. 

. 2-69 

2-69 

A. Quartz Sericite Schist, South end of Mt. Ragged 

B. Quartz Sericite Schist, Spring East of Tower 


Peak, Ragged Range. 

Gibb Maitland considered that “ the schists seem to be genetically related 
to plutonic igneous rocks and probably owe their origin to the transmutation 
of a granite.” There can be no doubt however that the rocks of this belt 
are high grade metasediments and although sillimanite has not been found 
as yet in them they are, judging from the nature of the quartzites, of silli¬ 
manite zone metamorphism. 


B. The Greenstones associated with the Gairdner R.-Phillips R. 

metasediments. 

There is no evidence, in the collection examined, of the presence of basic 
volcanics such as the slightly metamorphosed Older Greenstones (fine-grained 
greenstones and amphibolites) of the Coolgardie and East Coolgardie Goldfields 
or of the highly metamorphosed basic volcanics (hornblende schists) of the 
Yilgarn and Dundas Goldfields. The only rocks in this collection which could 
be regarded as belonging to the Greenstone phase of the Kalgoorlie-\ ilgarn 
System are hypabyssal in character and are now represented by uralitized 
quartz dolerites and gabbros. They are indistinguishable petrographically 
from the basic intrusives of the Younger Greenstones of the East Coolgardie 
Goldfield. In many ways they are similar to some of the younger Pre-C ambrian 
dolerites which are intrusive into the Stirling Range beds and which are 
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described below in section F. The main differences from the Younger Pre- 
Cambrian basic dyke rocks are in the more extensive uralitization and saussuri- 
tization of the older rocks considered in this section and also in the extensive 
replacement by leucoxene of the accessory skeletal ilmenite in these rocks 
and the presence in most specimens of evidence of shearing. Specimen 17471 
from the Phillips River gorge at 1J miles south of the point where the old 
telegraph line crosses the river may be regarded as typical of these uralitized 
quartz gabbros of the Greenstone group. It is a greenish grey, medium-grained 
rock in which the sub-ophitic texture can be seen in hand specimen. Micro¬ 
scopic examination shows that it consists essentially of completely uralitised 
pyroxene and completely saussuritised plagioclase in ophitic relationship, 
with accessory end-stage quartz and micropegmatite occurring in angular 
areas up to 2 mm. diameter between the earlier felspar and ferro-magnesian 
constituents. Characteristic needles of apatite are associated with this 
end-phase quartz and micropegmatite. Ilmenite is the only other accessory 
and it is invariably completely leucoxenised. The uralite replacing the 
original pyroxene plates is a very pale green fibrous variety and there are 
rare remnants of the original pyroxene. The turbid saussuritic aggregate 
which completely replaces the original idiomorphic plagioclase consists largely 
of zoisite and sericite. Although this particular specimen has no shearing 
structures to obscure the original ophitic relation between the uralitic areas 
and the saussuritised plagioclase most of the specimens representing this 
“ Greenstone ” group show evidence of shearing, some, such as 17468 from the 
same locality as the type specimen having a marked schistose structure—the 
occurrence in this rock of angular areas of quartz and micropegmatite wdth the 
associated apatite needles is clear evidence of its derivation from the uralitised 
quartz gabbro. 

C. The Gneisses. 

As has been pointed out in the first section of this paper gneiss is by far the 
most widespread type of rock of the Strip. There is considerable mineral- 
ogical variation amongst the gneisses but they consist essentially of various 
granitic gneisses (probably largely granitization products of pre-existing 
rocks) containing basic bands and lenses, and a subordinate group of para- 
gneisses which are interleaved with them. Many of the granitic gneisses carry 
hypersthene and show marked affinities with the charnockitic suite. 

The gneisses and associated rocks have been classified as follows :— 

1. Granitic and charnockitic gneisses (quartz-felspar-ferromagnesian 
bearing gneisses of migmatitic character) which are subdivided firstly on the 
basis of the ferromagnesian minerals present and then further subdivided 
according to the nature of the felspars thus :— 

A. Biotite-bearing :— 

1. with plagioclase as the sole felspar, 

2. with potash felspar as the sole felspar :— 

(a) Containing orthoclase. 

(b) Containing microcline. 

3. with both plagioclase and potash felspar :— 

(a) Containing orthoclase. 

(b) Containing microcline. 

B. Hornblende-bearing (subdivided as in A above). 

C. Biotite-hornblende-bearing (subdivided as in A above). 

D. Hypersthene-biotite-bearing (subdivided as in A above). 

h. Carrying biotite, hornblende and hypersthene (subdivided as in A above). 

K Garnet-biotite-bearing (subdivided as in A above). 

G. Free from ferromagnesian minerals (subdivided as in A above). 
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IT. Para-gneiss :— 

A. Alumina-rich gneisses. 

B. Calc-silicate gneisses. 

III. Basic lenses (granulose to gneissose consisting of felspar + femics + 
accessory quartz) which are subdivided according to the femic minerals pre¬ 
sent thus :— 

A. With hornblende as the only femic. 

1. Quartz absent. 

2. Quartz present. 

B. Containing biotite and hornblende (subdivided as in A above). 

C. Containing hornblende and pyroxene—subdivided as in A above and further 
subdivided according to the nature of the pyroxene : 

(a) hypersthene only, 

(b) clinopyroxene only, 

(c) both ortho- and clino-pyroxene present. 

D. Containing biotite, hornblende and pyroxene—subdivided according to 
presence or absence of quartz and the nature of the pyroxene as in C above. 

In the description of the field occurrences and on the accompanying 
geological map (Plate I), in order to condense the nomenclature of the various 
gneisses (which can only be described for example by names such as biotite- 
homblende-quartz-plagioclase-microperthitic microcline gneiss), the type of 
gneiss may be expressed by a symbol according to the classification set out 
above. Thus the symbol (IA3a) signifies a granitic gneiss carrying biotite 
as the only ferromagnesian and containing both plagioclase and potash felspai 
and that the potash felspar is orthoclase. Brief descriptions of a typical 
specimen from each of the groups represented in the collection are set down 
below. Such chemical analyses as have been made have been, so as possible, 
of rocks from the one locality rather than from a number of different localities 
widely scattered along the coast. It was considered that such analyses of 
rocks from a single locality may be of more use to future investigators (who 
may decide to do more detailed work on the petrology of the Strip) than 
analyses of rocks from widely different localities. Most of the type specimens 
for chemical analysis are from the Point Irby-Cape Riche locality and the 
results of the chemical analyses made of the gneisses and associated rocks are 
set down in Tables II, III and IV. 

Brief petrographic descriptions of the various gneisses are as follows 


I. Granitic gneisses . 


A. With biotite as the only femic mineral. 

This group is by far the best represented in the collection and 47 ot the 92 
specimens of the granitic gneiss that were examined microscopically fall 
into this group. Of the biotite-bearing granitic gneisses those containing 
both plagioclase and potash felspar are predominant (40 specimens of a tota 

of 47). 


IA1 :— Biotite-quartz -plagioclase gneiss is represented by two specimens 
only of which 23268 from approximately 1 /3-mile N.N.W. from the mam 
point at Point Hillier has been chosen as the type specimen. This a leucocratic, 
even-medium grained, gneissic structured rock which in hand-specimen con¬ 
sists essentially of a fine grained quartzose matrix which encloses milky-wlnte 
prisms of felspar up to 2 mm. diameter. The gneissic structure is unpaite 
bv thin layers of light greenish brown mica and there is a fairly well developed 
lineation on the foliation planes due to the elongation of the mica plates. 
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Under the microscope the texture is granoblastic gneissic and the constituent 
minerals in order of abundance are quartz, saussuritised plagioclase, chloritised 
biotite associated with a little muscovite, and rare accessory zircon, apatite and 
opaque iron ore. The quartz, which shows marked undulose extinction and 
crushing, in a direction parallel to the gneissic foliation, is in large granoblastic 
aggregates which enclose isolated plagioclase crystals and chloritised biotite 
flakes. The plagioclase is all rather turbid through alteration to fine granular 
zoisite and flaky sericite but this alteration is not so intense as to obscure the 
lamellar twinning. The plagioclase appears to be uniform in composition and 
is albite-oligoclase with refractive index less than Canada Balsam and maxi¬ 
mum extinction of 14° in sections normal to 010. The biotite which is in ragged 
pale greenish plates has been completely replaced by chlorite. Potash felspar 
is completely absent. 


TABLE II. 



Acid gneisses from the South Coast strip, 

A. B. C. 

W.A. 

D. 

E. 

Si0 2 

7418 

68-40 

63-22 

66-94 

61-04 

ai 2 o 3 .... 

. 14-73 

16-53 

14-63 

14-22 

18-45 

Pc 2 0 3 ... 

. 0-60 

0-74 

2-91 

0-30 

0-61 

FeO 

. 0-79 

2-29 

9-23 

8-92 

8-90 

MnO 

. Nil 

'Tr. 

0-58 

0-23 

0-09 

MgO 

. 0-18 

1-46 

2-32 

1-42 

3-11 

CaO 

. 1-84 

3-08 

2-92 

2-20 

1-23 

Na 2 0 .... 

. 2-64 

3-74 

1-46 

0-74 

1-20 

K a O 

. 4-52 

2-15 

0-85 

3-29 

2-64 

H g 0+ .... 

. 0-34 

0-32 

0-75 

0-72 

1-34 

H 2 0— .... 

. 0-18 

0-46 

Nil 

0-03 

0-17 

Ti0 2 ... 

. 0-19 

0-44 

1-06 

1-01 

1-18 

p*o s 

. Tr. 

0-15 

Tr. 

0-28 

0-22 

co 2 

. Nil 

Nil 

Nil 

Nil 

0-50 

FeS 2 

. 




0-15 

Total 

. 100-19 

99-78 

99-93 

100-30 

100-83 

Norms : 

Q. 

. 36-96 

29-10 

35-40 

37-32 

30-88 

or 

. 26-69 

12-23 

5-00 

19-46 

15-58 

ab 

. 22-53 

31-44 

12-58 

6-29 

10-17 

an 

9-17 

14-46 

14-46 

8-90 

4-70* 

C 

. 2-04 

2-86 

5-92 

6-12 

11-90 

hy 

. 0-93 

6-64 

19-53 

18-38 

21-82 

il. 

. 0-46 

0-76 

2-13 

1-98 

2-23 

mg 

. 0-93 

0-93 

4-18 

0-46 

0-88 

ap 


0-34 


0-67 

0-49 

py 





0-15 

C.I.P.W. Classification ... 1.3.2.3. 

1.4.3.4. 

II.3.3.4. 

II.3.3.2. 

II.3.2.3. 

A. Biotite-quartz-andesine-orthoclase gneiss (IA 
W.A.) Anal . W. H. Herdsman. 

3a) (Specimen 16577 from 

Cape Riche, 


E. Biotite-hypersthene-quartz-oligoclase-orthoelase gneiss (ID3a) (Specimen 20016 from 
Point Irby, W.A.) Anal. W. H. Herdsman. 

('. Garnet-biotite-quartz-plagiocla.se gneiss (IF1) (Specimen 16585 from Cape Riche, W.A.) 
Anal. W. H. Herdsman. 

D. Gamet-biotite-quartz-andesine-microcline gneiss (IF3b) (Specimen 23282 from Point 
Nuyts, W.A.) Anal. W. H. Herdsman. 

K. Biotite-quartz-plagioolase-cordierite-gamet granulite (IIA) (Specimen 7838 from Whale 
Head Rock, Albany, W.A., quoted from Simpson, 1951, p. 105). 
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IA2 :-Biotite-quartz-microcline gneiss (24495 from Point Malcolm). 
This is a leucocratic even-fine grained gneiss (average grain size 0*2 mm.) 
with thin (3 mm. wide) bands of slightly coarser textured quartz-microcline 
aplite running parallel to the gneissic structure in the fine grained biotitic 
gneiss. Quartz^ felspar and biotite are the only minerals recognisable in 
hand specimen. In thin section the rock has an even granoblastic texture 
with a foliation due to the parallel orientation of the biotite flakes. The 
average grain size is 0-2 mm. and the constituents in order of abundance are 
microcline, quartz and biotite with accessory muscovite, zircon and iron ore. 
The microcline all shows cross-hatched twinning and is microperthitic, 
very fine in the biotitic part of the rock and somewhat coarser in the aplitic 
seams where the microcline grains are up to 1 mm. diameter. Biotite, which 
is present to the extent of approximately 5 per cent., is a greenish brown 
variety. Muscovite is rare as are the other accessories zircon (in tiny euhedra) 
and iron ore. 

Gneisses of this group, containing microcline as the only felspar, are rare 
and are represented by 3 specimens only from the collection examined. 

IA3 :— Biotite-quartz-plagioclase-allcali felspar gneiss . This type is by 
far the most abundant of the gneisses represented in the collection and there 
is very considerable variation within the group from fine to coarse textured 
gneisses and from varieties containing very little biotite to those containing 
appreciable amounts of biotite and from rocks in which the alkali felspar is 
orthoclase to those in which it is microcline. 

Specimen 16577 (from the north side of the mouth of the Eyre River at 
Cape Riche is an example of the fine-grained, biotite-poor, orthoclase-bearing 
variety (IA3a ) which has been chemically analysed. It is a white, even- 
textured, fine-grained gneiss with a very small proportion of dark-coloured 
minerals (biotite + magnetite together amounting to approximately 1% to- 
2% of the rock). The texture is uniform granoblastic gneissic and the miner¬ 
als present are microperthitic orthoclase, andesine, quartz, a little myrmokite, 
biotite and magnetite. The orthoclase which is microperthitic, untwinned, and 
has straight extinction in 001 cleavage fragments, is the predominant felspar. 
The plagioclase is a clear andesine (Ab 65 An 35 ) with y greater than 1*553, 
optical character negative and maximum extinction of 17°. The biotite is 
a deep reddish brown variety and the only accessories are magnetite and very 
rare zircon. The most unusual feature of this type of gneiss is the association 
of orthoclase and plagioclase as basic as andesine. Wilson (1947, p.207) has 
noted this association in the acid charnockites of the Musgrave Ranges of 
Central Australia and he informs us that as a result of further work on these 
rocks this association appears to be characteristic of the charnockitic gneisses 
generally. Although the Cape Riche specimen described above does not carry 
hypersthene it is associated with hypersthene-bearing gneisses (16584, 16588) 
of group ID3 and basic charnockites (16582) of group IEEElc and may be con¬ 
sidered a member of the charnockitic gneisses. A chemical analysis of this 
rock is given in Column A of Table II and this analysis serves to emphasise 
the association of alkali felspar with andesine in this group. 

Specimen 20037 (from approximately 1 mile S.W. of the mouth of Torbay 
Inlet) is typical of the microcline-bearing members of this group (IA3b). This 
rock is a light-coloured gneiss with a well developed lineation. It is much richer 
in biotite than the orthoclase-bearing rock from Cape Riche. The texture 
is even grained granoblastic gneissic and the constituent minerals in order 
of abundance are microcline, quartz, oligoclase and biotite with accessory 
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apatite, zircon and opaque iron ore. The microcline is in xenoblastic grains 
to mm. diameter, is water-clear, slightly microperthitic, and carries rounded 
quartz inclusions averaging J mm. diameter. Its water-clear character is in 
marked contrast to the somewhat altered oligoclase which is invariably turbid 
through slight saussuritization—-this is characteristic of all the microcline - 
bearing gneisses of group IA3b and, together with the enclosures in the micro¬ 
cline suggest that is has been introduced at a late stage in the formation of the 
rock. The oligoclase is well twinned, slightly saussuritised, has practically 
straight extinction in sections normal to 010 and (+ )2V near 90° and is there¬ 
fore close to Ab 80 An 20 . The biotite, in well oriented ragged plates to 0* 8 mm. 
diameter, is brownish in colour and in places is replaced along the cleavages 
by pale green chlorite. This replacement of biotite by chlorite is common 
in this group and in such instances there is generally a development of sagenitic 
rutile inclusions in the resultant chlorite and moreover a tendency for epidote 
grains to be associated with the chloritised biotite. The quartz of this rock 
shows slight strain effects, is invariably xenoblastic and occurs in two habits : 
(a) as rounded inclusions in the water-clear microcline and (b) as larger irregular 
shaped grains, elongated parallel to the foliation, which sometimes enclose 
biotite and oligoclase. This latter type of quartz appears to have been intro¬ 
duced at about the same time as the microcline. This type of gneiss with 
the rounded quartz inclusions in microcline is most probably a granitization 
product from an earlier arkosic sediment. 

13. With hornblende as the only femic mineral . 

Gneisses of this group are rare and are represented by a single specimen 
(20031 from near the mouth of the Cordinerup River) in the collection ex¬ 
amined. This specimen belongs to group IB1 with hornblende, plagioclase, 
and quartz as essential constituents. It is an even-textured medium-grained 
rock with a gneissic structure due to the tendency of the black coloured amphi- 
bole to occur in bands. The microstructure is granoblastie and gneissic due 
to the hornblendes being clustered into lenticles rather than to an actual 
parallel orientation of the hornblende. The essential constituents are plagio¬ 
clase, quartz, and hornblende, all of which are xenoblastic. The plagioclase 
appears to be uniform in nature, is well twinned, shows patchy turbidity 
although on the whole it is unaltered, and is acid andesine (Ab 67 An 33 ). The 
amphibole is in stout xenoblastic prisms up to 1J mm. long enclosing irregular 
shaped quartz grains—it is a deep green hornblende with X pale yellow-green, 

Y dark yellow-green, Z dark green and forms approximately 10% of the rock. 
Quartz is present to the extent of approximately 40% in very irregular shaped 
xenoblastic grains to 2^ mm. diameter which are often elongate parallel to 
the foliation. In general it is free from any strain effects. The accessories 
are magnetite (often rimmed with sphene), sphene, apatite and rare zircons. 


C. Biotite-hornblende bearing gneisses. 

All the gneisses carrying both biotite and hornblende contain both 
plagioclase and potash felspar, the latter being orthoclase, and so fall into 
the group IC3a. Some of the intrusive granites, such as the Porongorups 
granite, carry the same mineralogical assemblage and moreover have a primary 
gneissic structure due to flowage and are very difficult to differentiate from the 
older gneisses in hand specimen alone. Generally however the intrusive 
granites are porphyritic and the only gneisses that have been included in this 
group ( IC3a ) are those that are equigranular granulose gneissic in structure. 
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IC3a :— Biotite-hornblende-quartz-plagioclase-orthoclase gneiss is best re¬ 
presented by specimen 24464 from Mt. Le Grand. This is a granulose-struc¬ 
tured slightly gneissic rock of medium to coarse texture. The constituents 
in order of abundance are orthoclase, oligoclase, quartz, biotite, and horn¬ 
blende with accessory apatite, euhedral zircon, and opaque iron ore. Both 
felspars are water clear and there is an extensive development of myrmekite 
where they are in contact. The orthoclasc is untwinned and slightly rnicro- 
perthitic. The plagioclase shows lamellar twinning and is oligoclase-andesine 
close to Ab 70 An 30 . The biotite is a dark brownish variety, pleochroic from 
yellow to dark slightly reddish brown, and occurs in plates up to 1J mm. 
diameter which tend to be clustered together. The hornblende and the more 
abundant accessory, apatite, are closely associated with these biotitic clots. 
The hornblende is a dark greenish variety with pleochroism X brownish green, 
Y brownish green, Z dark green. 


D. Hypersthene-biotite bearing gneisses . 

Rocks of this group are equigranular granulose with poorly developed 
gneissose structure. They carry both plagioclase and orthoclase and are free 
from microcline and fall into the classification ID3a, a group which may best 
be described as acid charnockites. 

ID3a :— Biotite-hypersthene-quartz-plagioclase-orthoclasc gneiss (acid char- 
nockite). Specimen 20016 from Point Irby has been chosen as typical and 
a chemical analysis of this rock is given in Table II. It is a granulose rock 
with a gneissic structure which has, on freshly broken surfaces, the typical 
greasy lustre of the charnockites. Under the microscope the texture is grano- 
blastic and the minerals noted, in order of abundance, were plagioclase, quartz, 
orthoclase, hypersthene, biotite, magnetite, and apatite. The plagioclase 
is in irregular shaped elongated xenoblasts to 2 mm. long and for the most 
part is water-clear, untwinned and carries antiperthitic inclusions. Where 
it is in contact with the orthoclase there is generally a development of myrmekite. 
Some of the plagioclase shows fine lamellar twinning and strain effects in the 
bending of the twin lamellae. The extinction in sections normal to 010 is up 
to 6° and the refractive index is slightly greater than 1 • 544 indicating oligo¬ 
clase (Ab 75 An 25 ). The orthoclase which is subordinate to the oligoclase, is 
water-clear, untwinned and microperthitic. Most of the quartz, which occurs 
in irregular shaped elongated grains up to 3mm. long, shows slight undulose 
extinction. The hypersthene is in irregular-shaped prisms to 1J mm. long 
showing considerable alteration to serpentine along the margins and trans¬ 
verse cracks. The hypersthene prisms are arranged with their long axes 
parallel to the foliation and they tend to occur in clots associated with deep 
reddish brown biotite and the accessory apatite and magnetite tend to be 
concentrated in the vicinity of the biotite-hypersthene aggregates. I he bio¬ 
tite in all the rocks of this group is a deep reddish brown practically uniaxial 
variety. Clinopyroxene is absent. 

In view of the greasy lustre of the hand specimens of rocks of this group 
they would appear to contain cordierite. Careful search has however failed 
to prove the presence of cordierite the search for which is rendered difficult 
because of the absence of zircon which causes the development of the yellow 
pleochroic haloes which are so useful in the diagnosis of cordierite. Looking 
at the analysis of this rock ( analysis B in Table II) we see that so far as the 
iron-magnesium bearing normative minerals are concerned we have 0• 93°/ 0 
of magnetite, 0-76% of ilmenite and 6-64% of hypersthene. These amounts 
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are covered by the modal hypersthene, biotite and iron ore present leaving 
no iron or magnesia for cordierite. In spite therefore of the typical greasy 
lustre we can be assured that in this particular specimen at least, cordierite 
is not developed. 


E. Biotite-hornblende-hypersthene bearing gneisses . 

These are similar to ID3a above with the addition of small amounts of 
dark green hornblende (20020 from Point Irby). 


F. Gamet-biotite-bearing gneisses . 

The garnetiferous gneisses fall into two sub-groups—the most abundant 
being characterised by the presence of both plagioclase and microcline (IF3b) 
and the less abundant is that group containing plagioclase only (IF1) or with 
potash felspar only in accessory quantity. 

IF1 :— Gamet-biotite-qitartz-plagioclase gneiss (16585 from Cape Riche— 
see chemical analysis C in Table II). This is an even medium-grained, gneissic- 
structured rock consisting of white quartzo-felspathic bands (1 cm. wide), 
alternating with narrow darker coloured biotitic bands (2 mm. wide) and 
mesocratic bands to 3 cm. wide. Pink garnet is most abundantly 
developed in the biotitic bands but is not confined to these bands but is dis¬ 
persed throughout the specimen even in the quartzo-felspathic bands. Under 
the microscope the texture is granoblastic and the minerals in order of abund¬ 
ance are plagioclase and quartz in approximately equal proportions, garnet, 
biotite, orthoclase, iron ore, and zircon. The biotite is in well developed 
flakes and the garnet is idioblastic but the other constituents are xenoblastic. 
borne of the plagioclase is sericitised and turbid but on the whole is water- 
clear. It is well twinned and many grains have a coarse antiperthitic structure. 
The plagioclase appears to bo of more than one variety some having refractive 
indices greater than 1*55, others less. The coarse antiperthitic inclusions 
appear to be the result of replacement of the plagioclase rather than due to 
exsolution. In places particularly in the vicinity of rounded quartz grains 
and on the margins of the antiperthitic plagioclase there is a growth of anhedral 
orthoclase and one field (Plate II, fig. 2) shows a rounded quartz enclosed 
in orthoclase which in turn is enclosed in antipertliite. These rounded quartz 
grains which have been noted in other gneisses (see IA3b above) are probably 
relicts of earlier water-worn grains and an indication that these gneisses were 
originally sediments. The only orthoclase present in this rock is in the anti- 
perthite and the small amount replacing the plagioclase. Quartz occurs in 
two habits— as large xenoblastic grains elongated parallel to the foliation 
and as rounded grains rimmed with orthoclase in the plagioclase. The garnet 
is a pink almandine in idioblasts and skeletal crystals up to 2 mm. diameter 
often witli diblastic inclusions of quartz and biotite. It has irregular cracks 
along which it is being replaced by bright green very weakly birofringent 
chlorite. I he biotite, which is a deep reddish brown variety similar to that 
noted in the hypersthene-bearing gneisses (ID), tends to be concentrated in 
schistose structured bands within which the biotite plates averaging 0*6 mm. 
diameter are oriented parallel to the length of the band. The accessories 
are magnetite (fairly abundant) and small rounded zircons. 
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A chemical analysis of this rock is set down in column C, Table II from 
which it will be seen that there is nearly 6% of normative corundum (due in 
large part to the modal garnet). This, considered in conjunction with the 
rounded quartz grains, the rounded zircons and the tendency for the biotite 
to occur in narrow' bands (? the original sedimentary bedding) is suggestive 
of a metasedimentary origin for this rock. 


IF3b :— Qarnet-biotite-quartz-plagioclase-microcline gneiss (23282 from Point 
Nuyts —see chemical analysts D in Table IT). This is a greyish, medium to 
coarse, granulose-structured rock with very poorly developed gneissic structure 
due to the presence of coarse-texturcd white lensing bands and segregations 
of quartzo-felspathic material. Garnet is not at first evident in hand speci¬ 
men but on careful examination it can be seen scattered sparsely throughout 
the rock. 


Under the microscope the texture is coarse granoblastic gneissic there being 
a tendency for the biotite plates to be in parallel orientation and for the quartz 
to occur in xenoblastic forms elongate parallel to this direction. The con¬ 
stituents in order of abundance are microcline, quartz, plagioclase, garnet, 
biotite, sericite, magnetite, and rare zircon and apatite. This rock, except 
for its more granulose structure, and the garnet, is similar to those of group 
JA3b. The microcline is clear, not noticeably microperthitic, and carries 
quartz inclusions and around its margins has a considerable amount of sericitic 
material which is largely the product of alteration of the plagioclase. The 
plagioclase shows a variable degree of sericitisation -this sericite is much 
coarser textured than normally and has evidently been somewhat recrystallised 
leaving the plagioclase water-clear. The plagioclase has refractive index 
greater than quartz and extinction up to 20° in sections normal to 010 and is 
andesine close to Ab 8O An 40 . The biotite is pale brown in colour and is 
characterised by sagenitic rutile inclusions— it has a “ bleached appearance 
and is considerably altered and generally surrounded by a zone of sericitic 
material. The garnet also is considerably altered to brightly polarising 
sericitic material along the numerous irregular cracks. The garnet is in 
irregularly cracked idioblasts up to \\ mm. diameter which are confined to 
the biotitic parts of the rock. The accessories which are present in very 
small amounts only include magnetite (with a narrow rim of sphene), zircon 
and apatite. The felspathic segregations and seams up to 1 cm. wide occurring 
in the hand specimen are composed mainly of microcline. 


An analysis of this rock, one of the few specimens available from the 
western end of the area examined, is set down in Table II where it may be 
compared with the gametiferous gneiss of group If 1 described above. I he 
analyses of these two rocks are very similar except for the potash content, 
the higher potash of the microcline-bearing gneiss being due to the presence 
of abundant microcline and secondary sericite in the rock from Point Xuyts. 
In view of the considerably sericitised nature of the specimen the presence 
of 6% of normative corundum in this latter specimen does not perhaps have 
the same significance as in the garnet-plagioclase gneiss of group IF1. At 
the same time it has the rounded quartz enclosures in the felspars which 
suggest a metasedimentary origin —evidently it has been subjected to a higliei 
degree of potash metasomatism than the garnet gneiss from Cape Riche 
(TF1). 
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G. Gneisses free from ferromagnesians. 

These are white to cream coloured with a granulose structure and contain 
femic minerals only in accessory amounts. A typical specimen is a quartz - 
plagioclase-microcline granulite (24472) from Duke of Orleans Bay which is 
interbedded with a biotitic microcline-bearing gneiss of group IA3b. It is a 
pinkish-white, medium-grained, granulose rock with very rare dark-coloured 
small biotite flakes. Under the microscope the texture is even-grained grano- 
blastic and the constituents are water-clear microcline, turbid sericitised 
plagioclase, and quartz with brownish biotite present in accessory amount 
only. Except for the extremely small amount of biotite this rock is similar 
to those of group IA3b. 


II. Para - Gn e isses . 

Although many of the gneisses in group I above were probably of meta- 
sedimentary origin they have been granitised and migmatised and have 
been considered apart from the para-gneisses of more evident metasedimentary 
origin. As these para-gneisses occur interbedded with the 16 granitic ” gneisses 
described above it is evident that they represent residuals of the original 
sedimentary terrain which have escaped the thorough granitization experienced 
by the rocks of Group 1 that have been previously described. For convenience 
of description the para-gneisses have been subdivided into two groups : 

A. The alumina-rich gneisses. 

IT The calc-silicate gneisses. 


These rocks are poorly represented in the collection and the best examples 
come from Whale Head Rock at Albany and from West Cape Howe. 


A. The alumina-rich para-gneisses . 

Rocks of this group include biotite-garnet-cordierite granulites (e.g. 9 
7838 from Whale Head Rock, Albany) and biotite-garnet-sillimanite- 
cordierite gneisses (e.g., 20044 from West Cape Howe). The late R. W. 
Fletcher, in an unpublished MSS. “ The metamorphic rocks of the Albany 
District, described the Whale Head rock and recognised its metasedimentary 
origin. An analysis of this rock is available and is set down in Table III and 
a description of the specimen is as follows :— 

Xo. 7838 : Biotite-garnet-cordierite granulite. This is a dark greyish, 
fine-grained granulose structured rock with idioblastic red garnets up to 5 mm. 
diameter scattered irregularly throughout. The fine-grained granulose matrix 
of the rock has the typical greasy lustre of the cordierite-bearing gneisses and 
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is flecked by innumerable tiny black biotite flakes. Some bands in the rock 
are lighter in colour due to the presence of a greater proportion of quartz 
and absence of biotite. The light coloured bands, consisting of garnet, 
plagioclase, and quartz with minor amounts of cordierite, have a gneissic 
structure as the tiny pink garnets tend to be concentrated into bands. Under 
the microscope the structure is granoblastic, even-grained—the average grain 
size being 0*5 mm.—and the constituent minerals in order of abundance 
are cordierite, quartz, biotite, plagioclase, garnet, and accessory amounts of 
magnetite, sillimanite, green spinel and zircon. The cordierite is in equant 
grains which, because of the extensive alteration along the margins and 
irregular cracks to fine-grained pinite and the presence of yellow pleochroic 
haloes about tiny radioactive (? zircon) inclusions, is easily distinguishable 
in this rock from the water-clear quartz and twinned plagioclase. The 
cordierite is an iron-rich optically negative variety with (—) 2V approximately 
85°. It encloses flakes of biotite, occasional rounded quartz grains, and very 
rare small sillimanite prisms and associated tiny green spinel grains. The 
quartz is xenoblastic occurring in the granoblastic/ aggregate of quartz, 
cordierite and plagioclase, and as inclusions in cordierite and garnet. Some 
of the large quartz grains have innumerable hairlike and tiny prismatic in¬ 
clusions of (?) rutile oriented parallel to their c-axes. The plagioclase is a 
water-clear, well twinned optically negative oligoclase-andesine with re¬ 
fractive index slightly greater than 1-544, in equidimensional grains which 
are more abundant in the lighter-coloured bands. The biotite, which is 
confined to the darker-coloured bands, is a deep reddish brown variety. The 
garnet is a pink almandine in irregular-shaped grains often poikiloblastically 
enclosing quartz and magnetite grains. The most abundant of the accessories 
is black opaque magnetite. 

The metasedimentary origin of this rock is evident from the variation 
in the mineralogy of the different bands as follows :— 

1. Garnet + quartz (with minor amounts of cordierite and plagio¬ 

clase). 

2. Plagioclase + quartz (with minor amounts of cordierite). 

3. Quartz + cordierite + biotite (with minor amounts of garnet and 

plagioclase). 

The bulk chemical composition of the rock supports the metasedimentary 
origin. An analysis of this rock is set down in Table 111 and its main feature 
is the abundance of alumina which yields 11-9% of normative corundum. 
In composition it closely resembles the metasedimentary cordierite-garnet 
gneisses of Antarctica and garnet-sillimanite-cordierite gneisses of the Willyama 
Series of Broken Hill, N.S.W. 

Specimen 20044 from \\ est Cape Howe is very similai to the \\ hale He ad 
rock just described except that it contains a much higher proportion of pris¬ 
matic sillimanite and reddish brown biotite and the cordierite is almost 
completely pinitised. 
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TABLE III. 


Biotite-cordierite-garnet granulite. 




A. 

B. 

c. 

D. 

Si0 2 . 


. 61-04 

60-93 

62-16 

63-22 

A1 2 0 3 . 


. 18-45 

18-09 

19-57 

14-63 

Fe 2 0 3 


. 0-61 

1 -88 

0-80 

2-91 

FeO .... 


. 8-90 

5-55 

7-38 

9-23 

MnO .... 


. 0-09 

0-14 

0-26 

0-58 

MgO .... 


. 3-11 

4-54 

2-12 

2-32 

CaO . 


. 1-23 

0-90 

2-18 

2-92 

Na 2 0 .... 


. 1-20 

1-78 

1 -97 

1-46 

k 2 o . 


. 2-64 

3-89 

2-45 

0-85 

H„0-f 


. 1-34 

1 -15 

0-62 

0-75 

h 2 o— 


. 0-17 

0-14 

0-08 

Nil 

Ti0 2 . 


1 -18 

107 

0-70 

1-06 

C0 2 .... 


. 0-50 


0-02 

Nil 

p 2 o 5 . 


. 0-22 

Tr. 

0-07 

Tr. 

FeS 2 .... 


0-15 




Total 


. 100-83 

100-08* 

100-41f 

99-93 



* Includes NiO, CoO = 0- 

2. 





t Includes BaO = 0-03. 




Norm : 






Q 


. 30-88 



35-40 

or 


. 15-58 



5-00 

ab 


. 10-17 



12-58 

an 


. 4-70 



14-46 

C . 


. 11-90 



5-92 

by . 


. 21-82 



19-53 

mt 


. 0-88 



4-18 

il 


2-23 



2 12 

• py . 


. 0-15 




ap 


. 0-49 




C.I.P.W. Classification 

. II.3.2.3. 



II.3.3.1. 


A. Biotite-garnet-cordierite granulite (Specimen No. 7838, Albany, W.A., quoted from 

Simpson, 1951, p. 105). 

B. Cordierite-gamet gneiss, Adelie Land, Antarctica (Stillwell, 1918, p. 152). 

('. ( larnet-sillimanite-cordierite gneiss, Broken Hill, N.S.W. (Andrews, 1922, p. 397). 

1). Garnet-biotite-quartz-plagioclase gneiss (16585, Cape Riche, W.A., quoted from Table 
H. in this paper). 

B. Calc-silicate rocks. 

These vary from granulitic to schistose in structure and a number of 
different, mineral associations have been noted. The following specimens 
illustrate the nature of this variation :— 

(i) Garnet-epidote granulite (16581 from “basic lens in gneiss” approxi¬ 
mately 1 mile west of the Point at Cape Riche). This is a heavy, dense, 
fine even-grained, dark greenish grey rock with no trace of banded structure. 
Under the microscope it is a granulosa aggregate of clove-brown grossularite 
(40%) in irregular-shaped isotropic grains averaging 0-25 mm. diameter, 
and epidote with minor amounts of bright green chlorite and accessory black 
opaque iron ore. The epidote (50% of the rock) is in part brightly polarising 
pistachite and in part zoisite and occurs in fine granular aggregates replacing 
a mineral (? basic plagioclase) which occurs in equidimensional prisms of the 
order of 0-3 mm. diameter. The bright green weakly birefringent chlorite 
(10%) is also in aggregates replacing an equidimensional to prismatic mineral 
(? pyroxene) of similar size. 
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A closely related specimen is Geol. Surv. West. Aust. specimen 2 /2630 
from Goose Island Bay, Middle Island, Recherche Archipelago. This is a 
mottled pink and yellowish green coloured fine-grained granulite consisting 
of grossularite, epidote and diopside. 

(ii) Garnet-pyroxene-quartz-plagioclase-cordierite granulite (7836 from Whale 
Head Rock, Albany). This is a fine-grained hornfelsic rock which occurs 
associated with the garnet-cordierite granulite described in IIA above. It 
has a banded structure which is not at first evident in hand specimen but 
which shows clearly in thin section. The texture is fine-grained granulitic the 
grain size of all constituents being uniform and averaging 0*1 mm. The 
bands, which are of the order of 1 cm. wide are all similar in texture but differ 
mineralogically consisting of the following associations :— 

1. Quartz-almandine-reddish brown biotite-cordierite. 

2. Quartz-almandine-hypersthene-cordierite. 

3. Quartz-li 3 ^persthene-cordierite-magnetite. 

4. Quartz-cordierite-hypersthene-bluish green hornblende. 

5. Quartz-cordierite-plagioclase-diopside-magnetite. 

6. Quartz-cordierite-plagioclase-diopside-garnet-magnetite. 

Of these bands the associations 1—4 are similar to those in IIA above 
and are derived from aluminous sediments whereas associations 5 and 6 
represent more calcareous sediments. 

I 

(iii) Quartz-plagioclase-h ornblende -biotite schist (20045 from Forsyth Bluff, 
West Cape Howe). A fine-grained, uniform-textured, dark greyish, schistose 
rock in which the only recognisable mineral is biotite on the rock cleavage 
surfaces. In slices cut across the schistosity this rock has a well developed 
schistose structure the constituents in order of abundance being biotite, 
quartz, plagioclase, and hornblende, with accessory black opaque iron ore 
and rare apatite. There is a tendency also to a banded structure in the dis¬ 
tribution of the hornblende. The biotite is strongly pleochroic from yellow 
to brown and is in flakes averaging 0-3 mm. long x 0-05 mm. thick. 1 he 
hornblende is bluish green with X pale yellow-green, Y brownish green, Z 
deep bluish green and occurs in prisms up to 0-5 mm. long. The quartz and 
plagioclase are in equidimensional grains averaging 0-08 mm. diameter forming 
a granulitic groundmass, the plagioclase being water-clear (or carrying 
occasional granules of zoisite) and almost free from twinning but with a 
higher refractive index than the quartz. The field notes regarding this speci¬ 
men indicate that it “apparently invades the garnet granulite ” (2004T - 
the silliman ite -garnet - b iotite -cord ierite granulite—mentioned under IIA 
above), but from the microscopic examination of this specimen it appears to 
be of metasedimentary origin. 


III. Basic lenses in the gneiss. 

The rocks of this group occur as dark coloured bands or lenses in the 
acidic gneisses described in I above. They are all characterised by granulose 
or granulose-gneissic structure but there is very considerable variation m the 
mineralogical assemblages present and for petrographic purposes they uive 
been subdivided, as shown in the tabulated statement at the beginning of the 
section on the gneisses, on the basis of (1) the nature of the ferromagnesians, 
(2) the presence or absence of quartz, and (3) the nature of the pyioxene. 
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TABLE IV. 

Basic bands in the acid gneisses. 



A 

B 

C 

D 

E 

F 

SiO a 

. 50 02 

48-14 

49-99 

46 • 76 

47-88 

49-05 

A1 2 0 3 

. 12-98 

14-72 

18-35 

17-94 

14-22 

15-03 

Fe 2 Q 3 

. 2-75 

1-93 

2-15 

3-16 

1-73 

3-16 

FeO 

. 12-16 

12-92 

5-97 

8-78 

12-36 

9-08 

MnO 

0-29 

0-24 

0-14 

0-18 


0-09 

MgO . 

6-16 

6-78 

6-19 

6-84 

6-35 

6-96 

CaO . 

. 10-13 

10-53 

10-39 

10-22 

10-23 

10-47 

Na 2 0 . 

2-04 

2-26 

3-79 

2-97 

2-47 

1-70 

K 2 0 . 

0-44 

0-35 

0-91 

1-46 

0-51 

0-95 

11,0+ 

1-72 

0-68 

0-92 

0-64 

0-23 

1-43 

h 2 0- 

0-03 

Nil 

0-28 

0-04 

0-07 

0-25 

Ti0 2 . 

1-42 

1-44 

0-87 

0-93 

2 • 95 

1 -07 

p 2 o 5 

. 0-20 

0-19 

0-30 

0*23 

0-40 

0-08 

co 2 . 

0-06 

Tr. 

Nil 

Nil 

Nil 


FcS 2 .. 

0-06 


0-09 



0-13 


100-46 

100-18 

100-48* 

100-15 

99-71** 

99-45 

* Includes Cl 0 12 ; Cr 

A 0-05 ; \ 

r 2 0 3 Tr. ; F 

Nil. 



** 

Includes other constituents amounting to 0-16%. 



Norms. 

Q 

. 2-99 





1-98 

or 

2-62 

1 -67 

5-56 

8*90 

2-78 

5-56 

ab 

. 17-26 

18-86 

29-34 

17-29 

20-96 

14-15 

an 

24-96 

29-19 

30-86 

30-86 

26-13 

30-58 

so 



1-08 




ne 




4-26 



di 

. 19-98 

18-50 

15-08 

15-46 

18-40 

16-68 

by 

. 23-66 

17-84 



17*91 

21-58 

ol 


7-33 

11-63 

15-82 

3-86 


il 

2-69 

2-74 

1 -67 

1-82 

5-62 

213 

mg 

. 3-98 

2-78 

3-02 

4-64 

2-55 

4-64 

py 

. 0-06 


0-09 



0-13 

ap 

0-46 

0-34 

0-67 

0-34 

1-01 

0-34 

C.I.P.W. 

Classifi- 






cation 

... III.5.4.3. 

III.5.4.3. 

II.5.3.4. 

II.5.4.3. 

ii r.5.4.3. 

1II.5.4.3. 


A. Quartz-hornblende-plagioclase gneiss (ILIA 2) from Lower Pallinup lliver (Geol. 

Surv. West. Aust. specimen 1/3065, “ Gneissic quartz epidiorite,” quoted from 
Govt. Chemist West Aust. Ann. Kept, for 1925, p. 9). 

B. Plagioclase-hornblende-pyroxene granulite (IIIClc) (specimen 20015 from Point 

Irby, W.A.) Anal. W. H. Herdsman. 

C. Biotite-hornblende-pyroxene-plagioclase granulite (IIIDlb) (Gape Riche, W.A. 

quoted from Geol. Nurv. West. Aust., Ann. Kept, for 1948, p. 33). 

D. Biotite-hornblende-pyroxene-plagioclase granulite (1 LI l)lc) (specimen 16582 from 

’ ape Riche, W.A.) Anal. W. H. Herdsman. 

E. I 5 1 agi<iclase-hornblende-pyroxene granulite. Bunker Bay (near Cape Naturaliste, 

W.A.) (quoted from Prider, 1945, p. 1(51) for comparison with B. 

F. Quartz-plagioclase amphibolite, Toodyay, W.A. (quoted from Prider, 1944. p. 105) for 

comparison with A. 


A. It ith hornblende as the only ferroniagnesian. 

All the specimens examined which belong to this group are characterised 
the the presence of quartz, i.e belong to the group 1IIA2. 
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IIIA2 :— Quartz-andesine-hornblende gneiss (32613 = G.S.W.A. No. 

1 /3665 from the Lower Pallinup River—see Maitland, 1924, p. 6). This is 
a medium-grained, dark grey to black, schistose to gneissic rock consisting 
of approximately equal proportions of light and dark colomed minerals which 
tend to occur in alternating bands of the order of 1 mm. wide. The con¬ 
stituents visible under the microscope, in order of abundance, are hornblende, 
plagioclase, quartz, sphene, and apatite, klie hornblende is in stout pi isms 
to 2 mm. long oriented with c in the plane of schistosity, but there does not 
appear to be any preferred direction for c within this plane as there is no 
orientation of the hornblende prisms visible on the foliation planes and a 
section of this rock normal to the foliation shows both long and transverse 
sections of hornblende (the transverse sections generally have b lying in the 
foliation plane). The hornblende is an optically negative, brownish green, 
strongly pleochroic variety with X yellow green, Y brownish green, Z deep 
bluish green and Z A c = 25°. The plagioclase is water-clear andesine 
(Ab 65 An 33 ), generally free from twinning and shows slight normal transitional 
zoning. Quartz is in equidimensional grains averaging 0-2 mm. diameter 
associated with the plagioclase and more rarely occurring as inclusions in the 
hornblende. Sphene in grains to 0-3 mm. diameter, a few of which contain 
a central small magnetite inclusion, is an abundant accessory. The sphene 
grains tend to occur in clusters and most probably represent original large 
ilmenite grains. Apatite in small stout prisms is rare. 

There are no traces of original structures present in this rock which yield 
any information concerning its origin. It is very similar to the quartz- 
plagioclase amphibolites which occur as lenses in the Archaeozoic gneisses at 
Toodyay (Prider, 1944, p. 119). An analysis of the Lower Pallinup rock 
described above is set down in Table IV, column A, and for comparison the 
analysis of the similar rock from Toodyay is recorded in column F. ric or 
(1944, p. 121) has drawn attention to the close similarity m composition 
between the Toodyay amphibolite and quartz dolerite and considers the 
amphibolites to be of meta-igneous origin. The Lower Pallinup rock m i s 
lower alumina and higher iron content is still closer to quartz dolerite in 
composition than the Toodyay amphibolite. 


B. Containing both biotite and hornblende. 

IIIB1 :— Plagioclase-biotite-hornblende gneiss (23272 from Point i Lillit i). 
An even fine-grained, dark grey to black, slightly gneissic rock, uniform in 
character throughout except for several thin (1 mm.) felspathic bands and 
porphyroblasts. Under the microscope the rock has an even-grained giano- 
blastic gneissic structure and consists, in order of abundance, ^ hornblende, 
plagioclase, biotite, iron ore, and apatite. The hornblende and biotite are 
in sub-parallel orientation and the iron ore grains tend to be elongated in 
the same direction. The hornblende, in xcnoblastic prisms averaging •> 
mm. long, is a brownish green variety with X pale yellowish green, \ brownish 
green, Z slightly bluish green and absorption X > ’ " . ‘ 

The biotite is pleochroic from pale yellow to deep redd is i uo\\n 
flakes up to 0 - 6 mm. long making up approximately 5 / Q of the ro v. ‘ S 
clase is in equidimensional grains, often partly saussuritised m the marginal 
parts but water-clear in the centre where it shows slight gradational reverse 
zoning to more albitic plagioclase at the centre of the crystal. 1 winning 
although present in some grains is not common. The average composition is 
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andesine (Ab 65 An 35 ). The most abundant accessory is black opaque iron 
ore (? magnetite) in irregular-shaped grains showing slight elongation parallel 
to the foliation of the rock. Apatite in small stout prisms is the only other 
accessory. The few large (5 mm.) porphyroblasts are of andesine (oc' in 
cleavage fragments 1-550). 

The rock has been completely recrystallised and all original structures 
have been obscured. There is no evidence of the presence of bands of differ¬ 
ent composition which might indicate a sedimentary origin and because of 
its uniformity in character throughout it is most probably a recrystallised 
basic igneous rock, such as a meta-basalt or meta-dolerite. 

111132 :— Quartz-plagioclase-biotite-hornblende gneiss (24497 from Point 
Malcolm). A dark grey to black schistose rock uniform in character through¬ 
out. In thin section the structure is coarse schistose, the average grain-size 
being 1 nun. and both the biotite and more abundant hornblende have a very 
platy habit and good orientation parallel to the foliation. The estimated 
proportions by volume of the constituents are blue-green hornblende (60%), 
greenish brown biotite 10%, plagioclase 20%, quartz 10% with accessory 
sphene. The plagioclase is water-clear andesine, mostly untwinned, with 
(±)2\ near 90°. Specimen 7828 from Two People Bay, a medium-grained 
mesocratic gneiss, is a rock which is intermediate in character between the 
basic lenses of this group (IIII32) and the acid gneisses of group (IC3a). It 
is a medium-grained granoblastic gneissic rock in which the estimated pro¬ 
portions of the minerals present are hornblende 35%, biotite 25%, plagioclase 
25%, quartz 15% with accessory apatite and sphene. 


C. Containing hornblende and pyroxene. 

II ICla : Spinel-bearing plagioclase-hornblende-hypersthene granulite (= 
basic eharnockite) (24522 from the Byre Highway at 10 miles east of Fraser 
Range homestead). A melanocratic coarse-grained granulose rock of gab- 
broidal appearance (named “ gabbro ” in the field) with no sign of banded 
structure in hand specimen. 


In thin section the microstructure is coarse granulose with sub-blasto- 
phitic relations between -the plagioclase arid hypersthene. The approximate 
proportions of the constituents are hypersthene (65%), hornblende 15%, 
plagioclase (20%), and accessory spinel. The hypersthene is in large xeno- 
blastic prisms and equidimensional grains to 4 mm. diameter and in aggregates 
ol smaller clustered grains. The larger grains enclose plagioclase, horn¬ 
blende, and spinel. It is a pleochroic iron-rich variety with (±)2V near 90°. 
The hornblende is intensely pleochroic with X yellow, Y deep reddish brown, 
Z deep reddish brown, X<Y = Z, Zac = 15°, optically negative with 
laige _\ and, except for the large optic axial angle ( 80°) it looks like barke- 

vikite. I his is- the only occurrence in the entire collection examined of this 
deep reddish brown hornblende. The plagioclase in this rock has the follow- 
ing properties : is water-clear, well twinned, shows no zoning, optically 
positive, refractive index oc' i n cleavage fragments = 1-555 and therefore 
is an andesine-labradorite (Ab so An 50 ). 

Spinel is the most abundant accessory and is present in amounts up to 
4 or 5%. It is a deep green isotropic pleonaste which occurs as irregular¬ 
shaped granules averaging 0-1 mm. diameter enclosed in the hypersthene 
and as small elongated prismatic euhedra enclosed in the plagioclase. There 
does not appear to be any regular pattern in the distribution of the spinel. 
The only other accessory present is an occasional small grain of magnetite. 
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IIIClb :— Plagioclase - diopside-hornblende granulite (23312 from Rocky 
Gully). A medium grained granulose melanocratic rock with lighter green 
areas 2 mm. diameter containing diopside scattered uniformly throughout. 
Under the microscope the texture is granoblastic and the constituents are 
pale brownish-green hornblende, completely saussuritised plagioclase, pale 
green diopside, accessory black .opaque iron ore, and, in one small area a little 
quartz, calcite, and epidote that have been secondarily introduced, 

IIIClc : -Plagioclase-hornblende-pyroxene granulite (20015 from Point 
Irby—see chemical analysis B in Table IV). 

A massive dark grey, fine even-grained, granulose rock with no sign of 
banded structure, consisting of approximately equal proportions of plagioclase 
and ferromagnesian. In thin section the structure is granulose even-grained 
with average grain size 0*5 mm. and the constituents are plagioclase, clino- 
pyroxene, hypersthene, and hornblende with accessory magnetite and apatite. 
The hypersthene has poikiloblastic enclosures of plagioclase, is markedly 
pleochroic X pale red, Y yellow, Z pale green and optically negative, with 7 
approximately 1*73. The clinopyroxene is a pale greenish diopside with 7 
approximately 1-725 and the hornblende is a deep brownish green variety. 
The plagioclase is water-clear, comparatively free from twinning and has oc' 
approximately 1*555 so is close to Ab 60 An 50 . The only accessories are mag¬ 
netite and small stout prisms of apatite. 

This rock petrographically closely resembles the plagioclase-hornblende- 
pyroxene granulites of Dangin and Bunker Bay (Prider, 1945, pp. 159-160) 
and this is borne out by the almost identical composition of the Point Irby 
rock (analysis B in Table IV) and that from Bunker Bay (analysis E in Table 
IV). 


D. Containing biotite , hornblende and pyroxene . 

The bulk of the basic granulite bands in the gneisses of the Strip fall 
into this group and with but few exceptions they are characterised by the 
presence of both ortho- and clino-pyroxene. They are similar to the plagio¬ 
clase-hornblende-pyroxene granulites described in the preceding section 
except for the presence of variable proportions of a reddish brown biotite. 
No examples have been noted of rocks containing hypersthene as the sole 
pyroxene. 

UIDlb :— Biotite-hornblende-pyroxene-plagioclase granulite ( W.A. Govt. 
Chem. Lab. No. 1623/48 from Cape Riche—see Geol. Surv. West. Aust, Ann. 
Rept. for 1948, p. 33). 

A dark greyish, even-grained, granulose rock with a slight gneissic struc¬ 
ture. The approximate proportions of the constituents seen in thin section 
are .—plagioclase 50 per cent., hornblende 40 percent., clinopyroxene 10 
per cent., and accessory biotite and very rare apatite. In thin section there 
is a very poorly defined banding in the distribution ot the clinopyroxene. 
The plagioclase is water-clear, fairly free from twinning, with oc in cleavage 
fragments = 1-548 and therefore andesine near Ab 60 An 40 . The hornblende 
is a brownish green variety with X yellow-green, Y brownish green, Z brown¬ 
ish green, and X < Y = Z, in xenoblastic prisms averaging 1 mm. in length 
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which occasionally enclose the andesine. The clinopyroxcne is a diopside 
in pale greenish xenoblastic prisms with Z A c to 42°, similar to that in the 
Point Irby rock described under IIIDlc above. The only other constituent 
worthy of note is the biotite, which constitutes about 1 per cent, of the rock. 
It is a red-brown strongly pleochroic variety. An analysis of this specimen 
is given in column C of Table IV. 

IIIDlc :— Biotite-homblende-pyroxene-plaginclose gneiss (16582 from Cape 
Riche —see chemical analysis D in Table IV). A mesocratic, medium-grained, 
gneissic rock, with brownish biotite plates to 1 mm. diameter well developed 
on the foliation planes. Under the microscope the texture is granoblastic 
gneissic with well developed parallel orientation of the biotite, hornblende, 
and pyroxene. The estimated approximate proportions of the constituents 
are plagioclase (50 per cent.), hornblende (15 per cent.), biotite (10 per cent.), 
hypersthene (10 per cent.), clinopyroxene (10 per cent.), with accessory mag¬ 
netite and apatite. The plagioclase is water-clear andesine-labradorite 
close to Ab 50 An 50 and the amphibole and pyroxenes are similar to those in 
the plagioclase-hornblende-pyroxene granulite described in IIIClc above. 
The only essential difference between IIIDlc and IIIClc is in the presence 
in the former of abundant red-brown biotite. 

IllD2c ;■— Quartz-hornblende-pyroxene-plaginclase gneiss (16583 from Cape 
Riche). A slightly gneissic, granulose, medium-grained greenish-grey rock 
with a lighter coloured coarser-textured granitic band. Under the microscope 
the rock has a granoblastic texture and consists, in order of abundance, of 
plagioclase, hornblende, clinopyroxene, hypersthene, quartz , orthoclase, 
biotite, magnetite and apatite. The plagioclase is a twinned water-clear 
andesine-labradorite often with antiperthitic structure. The hornblende, 
clinopyroxene, and biotite are similar to those minerals in specimen 16582 
from the same locality (see under IIIDlc above) but the hypersthene is almost 
completely replaced by pale greenish uralitic amphibole. In the lighter 
coloured coarser-textured band in this rock quartz is an important constituent 
and it is accompanied by a little orthoclase. Moreover in the vicinity of this 
orthoclase there is a development of myrmekite in the plagioclase and also 
of antiperthite. Potash has clearly been introduced to this part of the rock 
which is transitional in character between the basic remnants of the pre- 
gran it ic gneiss terrain (represented by IIIDlc) and the granitization product 
(represented by the gneisses of group IE3a). 


D. The intrusive granites. 

'I’lie rocks considered in this section are intrusive into the gneisses des¬ 
cribed in section C above and they may bo conveniently subdivided into :_- 

IVA. The earlier coarse porphyritic granites. 

IVB. The later fine even-grained granites. 

IVC. Porphyritic microgranites (quartz porphyries). 

IVD. Pegmatites and associated aplites. 
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IVA. Coarse porphyritic granites. 

Rocks of this group form large intrusions which arc best exposed at 
Mts. Clarence and Melville at Albany, the Porongorups Range, Jarramongup 
and Esperance. This type of granite also occurs in narrow dykes, as for 
example at Point William near Albany where a dyke about 1 foot wide of por¬ 
phyritic granite with flow-oriented tabular felspar phenocrysts of the order 
of 1 inch diameter is discordantly intrusive into the charnockitic gneisses. 
Chemical analyses (see Table V) have been made of porphyritic granites from 
Albany and from Esperance and petrographic descriptions of these rocks 
are given below. For the most part these porphyritic granites are character¬ 
ised by the parallel orientation (? flow orientation) of the tabular felspar 
phenocrysts. There is some variation in the mineralogy of these rocks and 
they have been subdivided, on the basis of the ferromagnesians present into the 
sub-groups :— 

1. With biotite only. 

2. With biotite + hornblende. 

3. With biotite + pyroxene + hornblende. 


TABLE V. 


South Coast granites. 


A 


Si0 2 . 


66-90 

A1 2 0 3 


14-76 

Fe 2 0 3 


0-32 

FeO . 


5-01 

MnO . 


0-12 

MgO 


0-93 

CaO 


2-46 

Na 2 0 . 


2-42 

K 2 0 . 


5-04 

H,0+ 


0-93 

H 2 0— 


0-08 

Tit) 2 . 


0-63 

CO.. . 


Nil 

p 2 o 5 .... 


0-21 



99-81 

Norms. 



Q . 


23-88 

or 


29-47 

ab 


20-44 

an 


11-40 

c . 


1-22 

hy 


10-22 

il . 


1-22 

mg . 


0-46 

ap . 


0-34 

C.I.P.W. Classification 

I.4.2.3. 


B 

C 

D 

71-40 

73-69 

69-65 

14-73 

13-61 

15-37 

1-01 

0-22 

0-79 

2-38 

1-92 

3-54 

Tr. 

0-04 

0-17 

0-14 

0-32 

0-26 

1-92 

1-06 

1-83 

2-92 

3-32 

2-37 

4-46 

5-43 

4-31 

0-62 

0-37 

1-33 

0-08 

0-04 

0-09 

0-38 

0-18 

0-22 

Nil 

Nil 

Nil 

0-05 

0-05 

Tr. 

100-09 

100-25 

99-93 

31-62 

29-64 

32-46 

26-69 

32-25 

25-58 

24-63 

27-77 

19-91 

9-45 

5-28 

9-17 

1-53 

0-31 

3-47 

3-20 

3-70 

6-41 

0-76 

0-46 

0-46 

1-39 

0-23 

1-16 

I.4.2.3. 

1.4.2.3. 

1.4.2.3. 


A. Porphyritic granite (adamellite) (30974), Albany. 

B. Porphyritic granite (adamellite) (24457), Esperance. 

C. Fine even-grained granite (30975), Albany. 

D. Porphyritic microgranite (23259), Point Hillier. 

(All analyses by W. H. Herdsman.) 
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IVA1 ;—Porphyritic biotite adamellite (24457 from Esperance —see analy¬ 
sis B in Table V). 

A medium- to coarse-grained, slightly porphyritic, pink granitic rock with 
pink microperthitic alkali-felspar phenocrysts up to 2 cms. long showing 
simple twinning in hand specimen. White plagioclase which is present in the 
coarse granitic matrix is almost as abundant as the pink alkali felspar so that 
these porphyritic granites are best described as adamellites. There is a faint 
gneissic structure due to the sub-parallel orientation of the pink felspars. 
The only ferromagnesian appears to be small black biotite flakes. Under the 
microscope the texture is coarse allotriomorphic granular and the constituents 
are microperthitic microcline, plagioclase, quartz, and biotite with apatite, 
zircon, and magnetite as the accessories and very rare muscovite and calcite as 
secondary minerals. 

Alkali-felspar, the most abundant mineral present is water-clear, except 
for slight tubidity along fractures and some cleavages, and has a microper¬ 
thitic structure. It is generally free from the characteristic cross-hatched 
twinning of microcline but some crystals show a patchy and irregular cross- 
hatching and appear to be orthoclase inverting to microcline rather than 
primary microcline. Enclosures in the orthoclase include small rounded 
quartz and larger turbid plagioclase grains. The plagioclase in this rock is 
allotriomorphic, mostly turbid with fine sericitic material, and has extinction 
up to 7 1 in sections normal to the albite twin lamellae and refractive indices 
slightly higher than balsam indicating that it is an oligoclase near Ab 75 An 2 5 . 
In the oligoclase in contact with the alkali-felspar there is a notable develop¬ 
ment of myrmekite. Quartz is abundant in large allotriomorphs some of 
which show undulatory extinction due to strain. The biotite is a deep brown 
variety pleochroic from yellow to dark brown and shows considerable alteration 
along the cleavages to green weakly birefringent chlorite. The biotites tend 
to occur in clotted aggregates within which they are in more or less parallel 
alignment producing a poorly defined gneissic structure in the rock which is 
parallel to the flow orientation of the pink felspar phenocrysts. 

Ihe accessories are apatite, magnetite, and zircon and these tend to be 
concentrated in the vicinity of the biotite. The zircon is in stout, zoned euhe- 
dral prisms up to 0*3 mm. in length. There is a very small amount of mus¬ 
covite and secondary calcite associated with some of the biotite. 

A chemical analysis of this rock is set down in column B of Table V and the 
normative composition indicates that plagioclase is slightly more abundant 
than the alkali felspar so that these porphyritic granites are actually adamell¬ 
ites as suggested by the proportion of plagioclase and alkali felspar in hand- 
specimen. 


TVA2 Porphyritic biotite adamellite (30974 from Mt. Mel¬ 

ville, Albany —see analysis A in Table V). 

A grey coarse phaneric rock with porphyritic texture due to the presence 
of abundant euhedral tabular phenocrysts of alkali-felspar. The structure 
is slightly gneissic due to the flow alignment of the felspar phenocrysts which 
in this specimen measure up to 1 inch in length. In other specimens from 
the same quarry large tabular felspar phenocrysts 8 cm. diameter and 2 cm. 
thick occur. Most of the phenocrysts show simple twinning and contain 
enclosures of turbid plagioclase, biotite and quartz similar to the material 
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of the surrounding groundmass, strongly suggesting that the phenocrysts 
are really porphyroblasts. These enclosures are more abundant in the mar¬ 
ginal parts of the phenocrysts. The microcline shows very irregular cross- 
hatched twinning similar to that in the Esperance granite (IVA1 above) and 
is orthoclase which has inverted to microcline. Moreover it is characterised 
by its fine microperthitic character. 


The groundmass is coarse-grained, allotriomorphic-granular in texture, 
and consists of quartz, plagioclase, microcline, biotite, and hornblende with 
accessory magnetite, sphene, calcite and apatite. The microcline is water- 
clear, microperthitic and carries inclusions of quartz, biotite, and turbid 
plagioclase as do the larger phenocrysts. The plagioclase is mostly turbid 
because of saussuritization but this turbidity is of patchy occurrence and 
some parts of the plagioclase grains are water-clear. The plagioclase is an acid 
andesine (Ab 68 An 32 ) with extinction 15° in sections normal to a and is being 
replaced to some extent by alkali-felspar which occurs as irregular-shaped 
grains within the andesine, in some cases growing along the cleavages. 


The biotite is a brownish strongly pleochroie variety which is in part 
chloritised as in the Esperance rock. It occurs in clotted aggregates which 
are elongated parallel to the faint foliation of the rock. A little green-brown 
hornblende containing some rounded quartz inclusions is associated with 
some of these biotite clots but is comparatively rare in the slices examined. 
In the field this granite is characterised by the presence of occasional small 
black dots and lenticles up to several inches long of hornblendic material 
and the isolated hornblende grains present in the specimen under description 
are no doubt the xenocrystal equivalent of these hornblendic xenoliths. The 
main accessories—apatite, sphene with magnetite inclusions, and zircon— 
tend to be concentrated in the biotitic clots as does the rare secondary carbon¬ 
ate which occurs in irregular shaped grains. 


An analysis of this rock is set down in column A of Table V, and it will 
be noted that it is an adamellite slightly more basic than the specimen from 
Esperance. 


IVA3 /—Porphyritic biotite-pyroxene adamellite (31303 from Jarra- 
mongup). 


A coarse-textured, pinkish grey, porphyritic rock with pinkish euhedral 
microcline phenocrysts up to 4 cm. long which make up 35 per cent, by volume 
of the rock, in a mesocratic coarse-grained groundmass of white plagioclase, 
pink microcline, quartz, pyroxene, and biotite. Under the microscope the 
microcline phenocrysts are similar to those in the Albany and Esperance 
rocks described above, i.e., they are characterised by microperthitic structures, 
irregular cross-hatched twinning indicating derivation from orthoclase, and 
inclusions of the minerals which form the groundmass indicating that they 
are porphyroblasts rather than phenocrysts. The matrix has a coarse allo- 
triom Orphic-granular texture and consists of partly sericitised plagioclase 
(Ab 75 An 26 ), microcline, quartz, pyroxene, biotite, magnetite, and accessory 
apatite and zircon, the apatite being concentrated in the vicinity of the 
biotite-pyroxene aggregates. 
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The biotite is a strongly pleochroic reddish brown variety which occasion¬ 
ally has later growths of quartz along the cleavage. It occurs in clotted 
aggregates with the pyroxene which is represented by two varieties :—(i) A 
pale greenish unaltered optically positive clinopyroxene with = 1-705 and 
therefore approximately Di 54 Hd 46 , and (ii) a pleochroic hypersthene which 
is almost completely replaced by pale greenish fibrous bastite and granular 
magnetite. A green-brown hornblende is present but is very rare in amount. 
A Rosiwal analysis of the granitic matrix which constitutes 65% by volume 
of this rock by Mr. Ian Threadgold yielded the following :— 


Oligoclase 

Clinopyroxene 

Orthopyroxene 

Biotite 

Quartz 

Microcline 

Iron Ores 

Apatite 


% by volume 

60*7 

110 

21 

8-5 

8*5 

6-7 

2*0 

0*5 


Hornblende is very rare in this rock but in another representative of this 
group (20048 from Torbay Head) hornblende is abundant. 


As in the porphyritic adamellites of Albany and Esperance it is evident 
that the “ phenocrysts ” are actually porphyroblasts which enclose the various 
minerals and mineral aggregates of the groundmass. Moreover the tendency 
of the biotite and pyroxenes to occur in clotted aggregates within which there 
is a concentration of apatite is highly suggestive of a palingenetic origin for 
this rock. In the biotite, clinopyroxene, hypersthene, and sericitised plagio- 
clase we find a link with the charnockitic gneisses and their associated biotite- 
pyroxene-plagioclase granulites which have been described in the section on 
gneisses above, arid there can be little doubt that the Jarramongup granite 
is of palingenetic origin being derived from the older charnockitic gneisses. 
At the same time flow orientation of the microcline porphyroblasts indicates 
that this rock is not simply a granitization ( i.e ., altered in situ) product but 
lias formed from the felspathization of the older gneisses which have been 
mobilised and intruded into a higher level. 


IVB. Fine to medium, even-grained granites. 

The granites of this group are intrusive into the gneisses (I-III above) 
and the coarse porphyritic granites (IVA above), generally occurring as flat- 
lying dykes of the order of ten feet in thickness. Good exposures of these 
narrow flat-lying dykes in the gneisses can be seen at Cave Point, Albany, 
and fine-grained granite intrusions into the coarse porphyritic granites are 
well exposed in the Burt .Street quarry near the High School, Albany, and 
in Hartman’s Quarry on Mt. Melville at Albany. At the latter locality the 
fine-grained granite, which occurs in a flat-lying dyke, is discordant to the 
platy flow orientation of the coarse porphyritic adamellite. This specimen 
has been taken as typical and a chemical analysis of it is set down in Table V 
and a brief petrographic description is :— 

IVB1 : Fine-grained biotite adamellite (30975 from Mt. Melville, Albany). 
A light-grey, fine, even-grained, granitic-textured rock with biotite as the 
ferromagnesian. In the few inches immediately adjacent to the wall of the 
dyke there is a faint flow orientation of the biotite flakes. 
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Under the microscope the texture is even-grained allotriomorphic granular 
with poikilitic relations between microcline and earlier quartz and plagioclase. 
The constituents, in order of abundance, are microcline, quartz, plagioclase, 
and biotite, with accessory epidote, zircon, and apatite. The microcline is 
water-clear, slightly microperthitie, shows crosshatched twinning and 
poikilitically encloses rounded quartz grains, turbid sericitised plagioclase 
grains which have a clear marginal zone, and biotite. The plagioclase is 
anhedral and turbid from sericitic and fine granular zoisitic alteration pro¬ 
ducts. The marginal parts of the plagioclase grains are, however, water- 
clear, particularly when they are included in the microcline. The plagioclase 
shows lamellar twinning, has refractive indices slightly greater than balsam 
and extinction angle up to 8° and is therefore oligoclase close to Ab 75 An 25 . 
The biotite is in irregular shaped greenish brown flakes with associated 
accessory epidote and apatite and here again there is a tendency for the 
biotites to occur in aggregates rather than single crystals distributed uniformly 
throughout the rock. 

The chemical analysis of this rock (C in Table V) indicates that the 
significant difference from the porphyritic granites lies in the Xa /Ca ratio, 
the fine-grained granites being much richer in soda than the earlier porphyritic 
granites. All of the granites both porphyritic and equigranular are best de¬ 
scribed as adamellites. 

IVB2 :— Fine-grained biotite-hornblende adamellite (24467 from Mt. Le 
Grand). A fine even-grained, dark greyish, phaneric rock which near the 
edge of the intrusion has a faint flow banding. Under the microscope the 
rock is allotriomorphic granular in texture and consists of alkali-felspar, 
plagioclase, quartz, biotite, hornblende, and accessory apatite, magnetite and 
sphene, and a little secondary carbonate. The alkali-felspar is slightly rriicro- 
perthitic and for the most part devoid of the cross-hatched twinning although 
patchy cross-hatching is occasionally present. The biotite is a brownish 
variety and far exceeds in amount the greenish hornblende which occurs in 
irregular-shaped embayed prisms. This rock is similar to the fine-grained 
biotite adamellite with the addition of small amounts of hornblende. 


IVC. Porphyritic microgranites . 

Porphyry dykes are of rare occurrence in the Strip, having been noted 
only at Pt. Hillier and on the Ravensthorpe-Hamersley Inlet track at 7i 
miles S.S.W. of Ravensthorpe. Specimen 2-3259 from a N.W. striking dyke 
15 feet wide intrusive into gneiss near Point Hillier at f-mile south of the 
mouth of Parry Inlet has been chosen as typical and a chemical analysis of this 
rock is set down in column D of Table V. 

This rock has a porphyritic texture with phenoerysts of bluish quartz up 
to 1 mm. diameter in a dark grey, dense aphanitic groundmass. The specimen 
is traversed by thin quartz veinlets but the material submitted for chemical 
analysis was free of such veins. Under the microscope the rock has a 
porphyritic texture with phenoerysts of subhedral quartz and almost com¬ 
pletely sericitised untwinned felspar which is too altered for determination, 
in a microgranitic groundmass of quartz, sericitised felspar and pale brownish 
biotite. The thin quartz veinlets are characterised by the presence of fluorite 
which is associated with an opaque bluish black ore mineral (? magnetite) 
and there is a noticeable recrystallisation of the sericite of the microgranitic 
groundmass along the walls of these veinlets. 
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A chemical analysis of this rock is given in column D of Table V from 
which it will be seen that this rock, chemically, is very similar to the porphy- 
ritic granite from Esperance. The high normative corundum is due to the 
sericitisation of the felspar. 

JVD. Pegmatites and associated aplites. 

Wry few outcrops of the gneisses or granites of the South Coast area 
are devoid of pegmatite-aplite veins or segregations. Those consist essentially 
of quartz, microperthitic microcline, and oligoclase-albite with biotite and/or 
hornblende. Mr. Allan F. Wilson has discovered radioactive minerals in a 
number of these pegmatites at Doubtful Island Bay and in the Porongorups 
and he is at the present time carrying out further work on these minerals the 
results of which will appear in a later paper. 


E. The Stirling Range metasediments. 

1 lie sediments of the Stirling Range beds are all of very low grade meta¬ 
morphism and with but few exceptions (in highly sheared zones) are char¬ 
acterised by the presence of the original clastic textures and structures. They 
consist predominantly of thin-bedded purplish orthoquartzites and fine-grained 
phyllites with wide-spaced fracture cleavage in the quartzites and close-spaced 
fracture cleavage in the phyllites. Many of the quartzites show well-developed 
current ripple-marks and a notable feature is the variation in the direction 
of the ripple marks in different layers indicating quick variation in current 
directions {! tidal flat conditions). In the vicinity of the Tenterden Slate 
Quarry on Location 2772 there is a coarser facies, not noted elsewhere in the 
Range, represented by a fine conglomeratic orthoquartzite. In the vicinity 
of zones of intense Overfolding the phyllites have been contorted and re- 
crystallised yielding fine-grained contorted quartz-green muscovite schists 
which cannot be distinguished lithologically from the green mica schists of the 
Pt. Ann-Pt. Charles section of the coast to the south-east. There is a complete 
absence of calcareous sediments in this succession which is a shallow water 
(tidal flat) facies. Typical specimens are:— 

(i) Fine-grained conglomeratic ortho-quartzite (25324 from vicinity of 
J enterden Slate Quarry on Loc. 2772). A white rock which on exposed 
weathered surfaces looks at first like white vein quartz. On fresh fractured 
surfaces the rock has a coarse clastic texture being made up of approximately 
40% of well-rounded quartz grains averaging 3 mm. diameter tightly cemented 
by a finer arenaceous matrix of rounded quartz grains. Amongst the larger 
fragments are a few up to 6 mm. diameter of opaque pure white chert. 

Under the microscope the arenaceous matrix has a clastic structure. It • 
consists of perfectly rounded quartz grains averaging 0-7 mm. diameter with 
irregular outgrowths of quartz in optical continuity which completely fill 
the interstices so that, neglecting the zones of dusty inclusions marking the 
margins of the original rounded grains, the texture becomes almost grano- 
blastic. Most of the detrital quartz grains show slight undulose extinction 
and are characterised by well-developed very close-spaced Boehm lamellae. 
The larger rounded quartz fragments consist generally of coarse allotriomor- 
phic granular aggregates of anhedral quartz grains which may have been 
derived from vein quartz or quartzite. Other than the few chert fragments 
quartz is the only mineral present in this rock. 
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(ii) Sericitic quartzite (8755 from Phillipps’ Spur on south flank of Tool- 
brunup). A purplish grey dense ripple-marked quartzite consisting of light 
greyish beds 3 cm. thick interbedded with darker purplish grey finer grained 
beds to 1 cm. thick. The coarser textured beds in thin section have a clastic 
texture consisting of fairly well graded quartz sand grains averaging 0-3 mm. 
diameter in a chalcedonic and sericitic matrix. The quartz grains are oc¬ 
casionally well rounded but the original rounding has been largely obscured 
by optically continuous authigenic outgrowths so that for the most part 
the detrital grains appear to be angular. Most of the quartz grains show 
strain in the form of undulose extinction. The arenaceous detrital material 
is absolutely free from felspar. Occasional heavy detrital grains of tourmaline 
are present but are more abundant in the finer-textured layers. In these 
fine-grained bands the quartz sand grains average ()• 1 mm. diameter and 
constitute approximately 70% of the rock. For the most part these grains 
are sub-angular and show very slight wear only but there is a marked di¬ 
mensional orientation of these grains which have been deposited with their 
longer axes parallel to the bedding. The matrix consists of admixed chal¬ 
cedony, pale green fibrous chlorite, and brightly polarising sericite which 
is of metamorphic development and occurs in tiny parallel oriented flakes. 
Heavy detritals including irregular shaped opaque iron ores, greenish brown 
tourmaline, and rounded purple zircons are comparatively abundant in 
these more sericitic layers and moreover there is a marked tendency 
for them to be concentrated in thin heavy mineral bands within these sericitic 
layers. The zircon is a purple variety in grains averaging 0 • 05 mm. diameter 
and the tourmaline, in grains 0*08 mm. diameter, is a characteristic greenish 
brown strongly pleochroic variety with oj = deep bluish green to brownish 
green and e = pale clove-brown to colourless. Some of the tourmaline 
grains have a zonal coloration being brownish green in the centre and bluish 
green on the margins. The varietal features of the zircon and unusual tour¬ 
maline in the Stirling Range quartzites are similar to those of the quartzites 
of the Mt. Barren metasediments which have been described in Section YA 

above. 

(iii) Phyllite (16592 from Ellen Peak). A purplish grey, fine-grained, 
silky lustred, fissile rock with minute glistening mica flakes on the rock 
cleavage. Under the microscope the texture is extremely fine-grained and 
there is a complete absence of silt and sand grade material. The rock con¬ 
sists of a fine aggregate of clayey material, very fine sericite and chlorite, 
dusted with reddish brown hematite and black opaque iron ore. This rock 
has not suffered any appreciable recrystallisation. 

(iv) Contorted quartz-muscovite schist (25337) from 4J miles S.L. of crest 
of Yungermere). An intensely contorted, light greenish grey, silk} lustied 
phyllitic schist. In the field this contorted schist has white coarse-grained 
quartz bands (? vein quartz) up to 1 inch wide which follow the contortions 
of the intensely folded schist. Under the microscope this rock is indistinguish- 
able from the quartz-green muscovite schists of Point Charles (described m 
Section FA of this paper), the constituents being pale green highly birefringent 
muscovite, pale green chlorite, quartz, and bluish black opaque (?) Amende 
in elongated platy or prismatic grains. The chlorite is present m two forms 
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(i) as plates associated with the green muscovite and arranged parallel to the 
contorted foliation and (ii) in folded bands up to 0*25 mm. wide associated 
with tiny quartz grains, within which bands the chlorite flakes are oriented 
normal to the foliation but parallel to the well developed strain-slip cleavage. 
The most significant of the heavy minerals is the greenish brown tourmaline 
which, as has been previously noted, is a constant constituent of the Stirling 
Range sediments and also of the schists of the Barrens belt as exposed at 
Point Charles. 

The contorted quartz-muscovite schists carry numerous thin quartz 
veinlets up to 2 inches thick which follow the contortions of the foliation. 
These veinlets (25349) have a central cavernous zone carrying siderite and 
more rarely, in the centre of the siderite zone, micaceous hematite in flaky 
crystals up to 1 cm. diameter. 

\\ ithin these highly disturbed zones, considered to be in the vicinity 
of overthrusts, the politic sediments are represented by the contorted schists 
described above and the arenaceous phase is represented by fine-grained, 
pale greenish grey, fissile rocks with a silky lustre on the foliation planes 
(25338). Under the microscope the rock retains its clastic structure, consisting 
of sub-angular quartz grains in a matrix of fine granular quartz and flaky pale 
gieenish muscovite similar to that in the associated contorted schists. There 
do not appear to be any marked strain effects in the clastic grains, most of the 
movement having been taken up by the finer-grained matrix. In this rock 
greenish brown tourmaline is again the commonest heavy detrital mineral. 


F. Basic igneous intrusives. 

I liis group includes the basic dykes intrusive into the gneisses, granites 
and metasedimentary rocks of the Strip. They are intrusive into the Stirling 
Range beds which are considered to be of Proterozoic age and they represent 
the latest phase of igneous activity of which there is evidence. The main 
lock types are quartz dolerite and uralitized quartz dolerite and it is con¬ 
sidered that these basic dykes are undoubtedly co-magmatic with the late- 
Nullagine basic dykes of the South-West of W.A. (Prider, 1948, pp. 67 71). 

\\ ithin this group there are variations in the rocks, both in textural 
natures (due mainly to different rates of cooling) and in mineralogy (due 
in part to differentiation and in part to metamorphic or deuteric processes! 
they may be subdivided as follows :_ 

\ • Basic Dyke Rocks :— 

A. Quartz dolerites :— 

1. Uniform-textured, fine- to medium-grained. 

2. Porphyritic. 

B. Uralitized quartz dolerites. 

C. Ohloritised quartz dolerites (subdivided as in A.). 

1). Olivine dolerites :— 

1. Even-medium-grained. 

2. Microporphyritic. 

E. 


Quartz diorites. 
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TABLE VI. 


Basic dyke rocks from the South Coast strip. 



A. 

B. 

c. 

D. 

E. 

F. 

G. 

SiO,. 

.... 44-34 

48-36 

49-04 

49-42 

49-43 

59-64 

49-13 

A1 2 0 3 

1612 

17-16 

15-02 

15-37 

14-28 

13-83 

13-13 

Fe„0., 

2-76 

0-79 

1-82 

1-84 

2-08 

1-67 

3-65 

FeO . 

11-52 

10-88 

11-61 

12-23 

13 • 10 

9-58 

8-95 

MnO. 

0-27 

0-18 

0-24 

0-26 

0-24 

0-23 

0-15 

MgO. 

5-14 

2-69 

5 • 73 

5-32 

5-78 

2-08 

7-64 

CaO . 

8-38 

8-64 

10-42 

10-13 

9-06 

5*66 

11-84 

Na z O 

2-76 

2-33 

2-06 

1-94 

1-93 

3-15 

1-72 

K 2 () . 

1-28 

2-44 

0-49 

0-89 

0-86 

0-92 

0-16 

H,+ 

2-89 

2-20 

2-28 

0-40 

0-16 

1-26 

1-72 

HoO— 

0-12 

0-12 

0-12 

Nil 

0-19 

0-22 

0-04 

Ti0 2 . 

2-86 

2-82 

0-96 

1-76 

2-36 

1-18 

1-27 

P 2 0 5 

0-92 

1-26 

0-09 

0-28 

0-27 

0-32 

0-14 

co 2 . 

Nil 

Nil 

Nil 

Nil 

Tr. 

Nil 


FeS 2 . 

0*47 






0-45 

Total 

.... 99-83 

99-87 

99-88 

99-84 

99-74 

99-74 

99-99 

—0- S 

0-12 





—0=S 

0-11 


99-71 






99-88 


Norms : 


Q .... 


or .... 

7-78 

ab .... 

23-58 

an .... 

27-52 

di .... 

7-15 

hy .... 

4-94 

ol .... 

13-91 

il .... 

5-47 

mg 

4-18 

ap .... 

2-02 

py .... 

0-47 

C.I.P.W. 

111.5-4-3 


1-08 

0-78 

1-26 

14-46 

2-78 

5-56 

19-39 

17-29 

16-24 

29-19 

30-30 

30-58 

4-50 

17-16 

14-84 

19-50 

24-33 

24-36 

5-32 

1-82 

3-34 

1 -16 

2-55 

2-55 


2-28 

17-88 

3-48 

5-56 

5-56 

1 11 

16-24 

26-72 

14-15 

27-52 

20-57 

27-52 

13-00 

4-77 

24-88 

26-65 

17-27 

18-33 

4*56 

2-28 

2-43 

3-02 

2-55 

5-34 

0-67 

0-67 

0-34 

0-45 


3 02 0-34 0-67 

H.5-4-2 III.5-4-3 III.5-4-3 III.5-4-3 IT.4-3-4 III.5-4-3 


A. Chloritised dolerite (VC1) (Specimen 23275 from Point Hillier, W.A.). Anal. W. H. 
Herdsman. 

B. Porphyritic dolerite (VA2) (Specimen 23261 from Point Hillier, W.A.). Anal. W. H. 
Herdsman. 

c Uralitised quartz dolerite (VB1) (Specimen 8762 from the east face of Mt. Hassell, 
Stirling Range, W.A.). Anal. W. H. Herdsman. 

D. Quartz dolerite (VA1) (Specimen 20051 from West Cape Howe, W.A.). Anal, W. H. 
Herdsman. 

E. Basaltic olivine dolerite (VD2) (Specimen 20018 from chilled margin of dyke, Point 
Irby, W.A.). Anal. W. H. Herdsman. 

F Quartz diorite (VE) (Specimen 25327 from near Tenterden Slate Quarry, Stirling 
Range, W.A.). Anal. W. H. Herdsman. 

G. Quartz dolerite from Toodyay, W.A. for comparison with the South Coast dolentes 
(quoted from Prider, 1944, p. 127). 
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Petrographic descriptions of typical specimens are as follows :— 

VA1 :—Quartz dolerite (20051) from West Cape Howe, see analysis D in 
Table VI). 

An even-medium-grained, dark grey melanocratic rock with average grain 
size 1 mm. Under the microscope the texture is uniform, hypidiomorphic- 
granular with ophitic relations between plagioclase and pyroxene. The 
constituents in order of abundance are essential plagioclase and pyroxene 
and accessory ilmenite, quartz, orthoclase, hornblende, biotite, and apatite. 
The plagioclase is in water-clear lath-shaped crystals up to 2 mm. long, with 
well developed lamellar twinning and slight gradational normal zoning. It 
is optically positive, has N greater than balsam, and extinction up to 28° 
in sections normal to a and is therefore close to Ab f)0 An 50 in composition. 
The pyroxene is mostly free from alteration except in the immediate vicinity 
of end-stage quartz where it is either rimmed by brownish green hornblende 
or slightly uralitised and dusted with black iron ore grains. The pyroxene 
appears to be of uniform character throughout the rock and throughout the 
individual grains. It has a slight purplish tinge due to titania and is very 
slightly pleochroic, has jS approximately 1*715 and ( + ) 2V approximately 
40° and so is a member of the clino-enstatite-hedenbergite series with approx¬ 
imately 70% of the hedenbergite molecule. 

Ilmenite is the most abundant of the accessories. It occurs in fresh 
skeletal-shaped grains to 3 mm. diameter which enclose both plagioclase and 
pyroxene in an ophitic fashion. There is no trace of leucoxene associated 
with this ilmenite but there is occasionally a little reddish brown biotite 
moulded on the iron ore, particularly in the vicinity of the end-stage quartz. 
The end-stage quartz is associated with water-clear to slightly cloudy ortho¬ 
clase in angular areas interstitial to the plagioclase laths. Small prismatic 
apatite euhedra are often associated with this quartz-orthoclase mesostasis 
and in some places biotite and brown-green hornblende also. Where the 
pyroxene is adjacent to this mesostasis it is slightly uralitised. 

The chemical analysis of this rock set down in column U of Table VI 
indicates its tholeiitic character. 

VA2 :—Porphyritic quartz dolerite (23261 from Ft. Hillier (see. analysis B 
in Table VI)). A dense melanocratic porphyritic rock with elongated prismatic 
felspar phenocrysts up to 7 mm. in length in an aphanitic dark greenish matrix. 
The felspar phenocrysts, which have a flow orientation, although water-clear 
in places, are considerably saussuritised and have chloritic growths along 
cleavages and cracks. They have refractive indices greater than balsam and 
the extinction up to 25° indicates they are at least as basic as Ab 65 An 46 . 
The ground mass is a microcrystalline aggregate of saussuritised plagioclase 
and pyroxene. Within the groundmass, over patches up to 1 sq. mm. in 
area, the dispersed pyroxene grains have a common orientation. The pyroxene 
is a non-pleochroic titania-rich augite with a strong reddish-violet colouration 
which differs markedly from that in the normal quartz dolerites and their 
uralitised derivatives. Throughout the very turbid groundmass there are 
stout cuhedral prisms of apatite but the most noticeable feature of the ground- 
mass is the occurrence of abundant black opaque slightly leucoxenised ilmenite 
prisms up to 0*3 mm. in length. Within areas up to 2 mm. diameter these 
ilmenite prisms are in parallel alignment or in two intersecting sets but the 
orientation differs in adjacent areas. These peculiar structures appear to be 
an initial step in the build-up of the larger skeletal ilmenites seen in the coarser 
textured quartz dolerites. There are several angular areas in the slice up 
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to 2.v mm. diameter consisting of a fine-grained allotriomorphic granular 
aggregate of quartz with a little carbonate, abundant stout euhedral apatite 
rods and some pyrrhotite. 

This rock, in its porphyritic texture, the absence of ophitie texture in 
the groundmass, the deep-coloured titaniferous pyroxene, and the peculiar 
occurrence of the ilmenite differs markedly from the normal dolerites. An 
analysis of this rock is given in column B of Table VI and its most marked 
features are the higher Ti0. 2 , P 2 0 5 , K 2 0 and A1 2 0 3 proportions than in the 
normal quartz dolerites. The reason for these differences is not apparent— 
it may be that these basic dyke rocks crystallised from a melt in which there 
has been, by some process of gaseous transfer, an enrichment in the alkalies, 
Ti0 2 and P 2 0 5 . 

Porphyritic dolerites of this group occur only at Point Hillior (where a 
chloritised variety of the same rock occurs —see under VC2 below). 

VB1 :—Uralitised quartz dolerite (8762 from Mt. Hassell, Stirling Range- 
see analysis C in Table VI). An even medium-grained, greenish melano- 
cratic rock consisting essentially of dark green ferromagnesian and greenish 
white felspar. The rock has an opliitic texture and consists of saussuritised 
plagioclase, partially uralitised pyroxene (much of which however is perfectly 
unaltered), quartz, slightly leucoxenised ilmenite, apatite, a little brown-green 
hornblende and rare reddish brown biotite. With the exception of the 
saussuritised nature of the plagioclase and the uralitisation of the pyroxene 
this rock is similar to the normal quartz dolerite (VA1)—a similarity which 
is emphasised by the chemical analyses (see analyses C and D in Table \ I). 
The uralitised quartz dolerites are much more abundant than the perfectly 
unaltered variety and examples of all stages of uralitization up to the com¬ 
plete obliteration of the original pyroxene have been noted. 

VC1 :—Chloritised dolerite (23275 from Pt. Hillier —see analysis A, Table 
VI). A fine even-grained, massive, dark green to black rock characterised 
by the presence of numerous evenly spaced soft black bodies up to 3 mm. 
diameter (averaging 1 mm. diameter) which constitute approximately 20 per¬ 
cent. of the rock. Some of these are almost spherical. On weathered surfaces 
these soft masses have weathered out giving the rock a pseudo-vesicular 
character. Accessory pyrite is scattered sparsely throughout the rock. 


In thin section the texture is slightly porphyritic with chloritic aggregates 
(the soft black bodies seen in hand specimen) replacing (?) pyroxene pheno- 
crysts which occur in a much uralit ised and chloritised ophitie text ured ground- 
mass. The chloritised phenocrysts which are penetrated ophitically by 
plagioclase laths (indicating that the parent mineral was most probably 
pyroxene rather than olivine) consist of a decussate aggregate of small chlorite 
flakes averaging 0-03 mm. diameter. This chlorite is very weakly bire- 
fringent, yellow green in colour, pleochroic from X yellow-green to Z clear 
green, and has positive optical elongation ( i.e ., negative optical character) 
and /3= 1-625 and therefore is an aluminous aphrosiderite. 1'lns type of 
chlorite is not confined to the phenocrysts but also replaces pyroxene in the 
groundmass. 
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The groundmass of this rock lias a well developed ophitic texture and 
consists of plagioclase, completely uralitised and chloritised pyroxene, a 
little euhedral epidote, and comparatively abundant leucoxenised ilmenite. 
There is no quartz present in this rock. 


The plagioclase is dusted with tiny chloritic and sericitic flakes but is 
free from turbid saussurite. It shows lamellar twinning, has refractive index 
less than Canada balsam, 2V near 90° and extinction 4 J , and is therefore an 
albite-oligoclase approximately Ab 85 An 15 . The original pyroxene has been 
completely replaced by pale greenish uralite, greenish brown biotite and 
yellow-green chlorite. The epidote is in prismatic euhedra generally included 
in the chloritic aggregates. Ilmenite, extensively altered to leucoxene, is the 
most abundant accessory and is dispersed evenly throughout the rock. 


The chemical analysis of this rock (analysis A in Table VI) indicates 
that it is closely related to the porphyritic dolerite of group VA2 described 
above, the high Ti0 2 content being its outstanding feature. 

VC2 :—Chloritised porphyritic dolerite (23273 from Pt. Hillier). This 
rock is similar texturally to 23261 of group VA2 from the same locality. It 
is however more chloritic and lighter in colour in hand specimen. Moreover 
it carries chloritic patches as does 23275 of group VC1 described above. In 
spite of the extensive chloritisation there is much residual titaniferous augite 
present. The ilmenite is in the characteristic structures noted above under 
YA2. This rock is undoubtedly the chloritised product of VA2. 

\ D1 - Even-grained olivine dolerite (32657 from Pasley Island, Recherche 
Archipelago). A fine even-grained phaneric melanocratic rock which has an 
ophitic to intergranular texture and is composed, in order of abundance, of 
plagioclase (Ab 45 An 55 ), titaniferous augite, and olivine with accessory opaque 
iron ore, biotite, quartz, and apatite. The plagioclase is in water-clear laths 
averaging 1 mm. in length. The titaniferous pyroxene is the same violet- 
coloured variety as in the porphyritic dolerite (VA2) from Pt. Hillier and is 
present in approximately the same amount as olivine. The olivine which is 
in subhedral and euhedral crystals averaging 0*3 mm. in length is largely 
colourless but in places stained with reddish iron oxide, and has (-)2V close 
to 90 and is therefore a forsterite close to Fo 90 Fa 10 . It is idiomorphic 
tow aids both the augite and plagioclase. lilack opaque iron ore is the most 
abundant accessory and it is generally surrounded by reddish brown biotite. 
In spite of the abundance of olivine (approximately 15%) and the uniform 
grain size (averaging 1 mm.) of this rock there is a little quartz present in 
angular shaped grains occupying the interstices between plagioclase prisms— 
such quartz is invariably mantled with biotitie material. As in the normal 
quartz dolerites it appears to have been the last mineral to crystallise and 
since it encloses the characteristic apatite prisms it does not appear to be 
secondary or xenocrystal although there is a xenolith of quartz-turbid felspar 
rock present. The primary quartz of this olivine dolerite is present only in 
small amount as compared with the abundance of olivine and there can be 
little doubt that this rock is strongly undersaturated and therefore not a 
noi mal member ol the quartz dolerite suite. The scarcity of olivine dolerites 
in W.A. lias been previously noted (Prider, 1948, p. 69). The specimen from 
I as ley Island described above is the only representative of this group in the 
collection examined. 
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VD2 :—Microporphyritic olivine dolerite (20018 from Pt. Irby (see analysis 
E in Table VI)). A melanocratic aphanitic rock with microphenocrysts of 
prismatic plagioclase. The microporphyritic texture is more evident under 
the microscope with microphenocrysts of plagioclase to 0 -6 mm. long and 
rare olivine set in an ophitic plagioclase-pyroxene-iron ore groundmass in 
which the average grain size is 0• 15 mm. There is a marked flow alignment 
of the plagioclase laths. The plagioclase microphenocrysts are slightly zoned 
and average Ab 45 An 56 in composition. The olivine is colourless and the 
larger grains are perfectly fresh although smaller grains in the groundmass 
are replaced by serpentine. It has ( + ) 2V close to 90° and so is a forsterite- 
rich variety. The pyroxene is confined to the groundmass and is augite 
with pale violet colouration as in the normal quartz dolerites. The iron ore, 
evenly dispersed throughout the groundmass, occurs in small feathery cross 
structures. Quartz is absent. 

An analysis of this specimen appears in column E of Table VI from which, 
in spite of its olivine content, it will be seen to be of tholeiitic character with 
2-28% normative quartz. This specimen was collected from the chilled 
edge of a dyke which, in the central part is a phaneric, even-medium grained 
quartz dolerite free from olivine. The development of olivine in the chilled 
margins is due to the inhibition, owing to quick chilling, of the olivine- 
pyroxene reaction—in the slower cooling centre of the dyke this reaction 
has been able to proceed with the complete obliteration of the early-formed 
olivine. The presence of olivine in the chilled margins of other quartz dolerites 
has been noted at Pt. Hood and in the Fitzgerald River, the only other places 
from which specimens of chilled borders of dykes are available! These 
micro-porphyritic olivine dolerites are simulated by thin black veinlets, up to 
several inches wide, which occur in the gneisses of Willyun Creek (24128) 
but thin section examination of these rocks indicates that they are pseudo - 
tachylites and the “ microphenocrysts ” are micro-xenoelasts. 

VE. : — Quartz diorite (25327 from vicinity of Tenterden Slate Quarry— 
see analysis F in Table VI). In hand specimen this rock is medium-grained, 
mottled white and greenish black, with a glomeroporphyritic appearance 
due to the tendency of the femics to occur in aggregates averaging 4 mm. 
diameter dispersed evenly throughout the specimen. This mottled appear¬ 
ance serves to distinguish these rocks from the uniformly melanocratic quartz 
dolerites which may be as coarse or even coarser textured. Microscopic 
examination shows that the texture is allotriomorphic to hypidiomorphic 
granular rather than ophitic as in the quartz dolerites, and that the minerals 
present, in order of abundance, are plagioclase, quartz, hornblende, biotite, 
pyroxene, accessory apatite and iron ore and secondary epidote and carbonate. 

The plagioclase, in subhedral prisms averaging 1 mm. in length, is com¬ 
pletely saussuritised except for a narrow rim of water-clear albite which has 
refractive index less than balsam. The saussurite completely masks the 
optical properties of the plagioclase and in places is recrystallised to an 
aggregate of epidote grains. The femic clots consist generally of an aggregate 
of biotite and hornblende but in the centre of a few of these basic clots there 
is rare remnant pyroxene. The pyroxene passes out to pale greenish uralitic 
amphibole which in turn grades into brown-green hornblende and thence into 
blue-green hornblende and biotite at the margins of the clots where they are 
in juxtaposition to the quartz-albite aggregate forming the remainder of the 
rock. Where isolated primary hornblendes, occur in the quartz-felspar 
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groundmass they are brownish green in the centre grading out to blue-green 
hornblende on the margins. Isolated biotites also show this type of colour 
zoning being reddish brown in the centre and bright green on the margins 
and occasionally grading out to bright green chlorite. The primary horn¬ 
blende poikilitically encloses opaque iron ore, stout prismatic apatite euhedra, 
and quartz. Apatite is an abundant accessory and appears to be concentrated 
in the femic clots. 

Quartz is very abundant (estimated visually at approximately -0% by 
volume) in anhedra averaging 0*2 mm. diameter associated with the end- 
stage water-clear albite. Occasionally, coarse-grained epidote, different from 
that resulting from the alteration of the plagioclase, is associated with the 
quartz. More rarely there is a little carbonate in irregular-shaped anhedra 
present with this end-stage quartz. 

A chemical analysis of this rock is set down under F in Table VI and the 
most noticeable feature is the high silica content yielding 18% of normative 
quartz. In view of the high quartz content, the highly saussuritised nature 
of the plagioclase, and the complete absence of K-felspar it is difficult to 
assign a name to this rock but it could best be described as a quartz-rich 
diorite. It occurs in a dyke approximately 1 chain wide which in the border 
zone several yards wide is a fine even-grained, slightly uralitised, ophitic 
quartz dolerite containing a considerable amount of primary brown-green 
hornblende (2;>.‘12S). This doleritic margin serves to illustrate the magmatic 
relation of this " quartz diorite to the quartz dolerite suite. It appears to 
be a sodic and siliceous end-phase differentiate of the quartz dolerite magma. 


VI. PETROGENESIS. 

There are five main problems which arise from this geological recon¬ 
naissance of the South Coast Strip. They are 

1 l ie relationship between the metasediment ary rocks of the Mt. 
Ragged area, the Gairdner R.-Phillips R, belt and the Stirling 
Range. 

2. I he origin of the gneisses and associated basic lenses. 

3. The genesis of the granites. 

4. The origin and relationships of the greenstones (including the 

quartz dolerite suite). 

5. fhe disparity between the prevalent E.N.E. trend of the Pre- 

Cambrian rocks of the Strip and the N.W. and N.N.E. trends 
of the Ravensthorpe and Mt. Ragged belts. 

These problems may be discussed summarily as follows :_ 

1. the relationship of the metasedimentary rocks . 

I lie low grade Stirling Range metasediments are considered on the basis 
of the field evidence to be post-granite and pre-quartz dolerite in age and 
therefore to be the representatives in the South Coast area of the Nullagine 
(Proterozoic) System. The Mt. Ragged belt on the other hand is composed 
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of sillimanite zone metasediments and is probably intruded by pegmatites 
and is therefore considered to belong to the Archaean. The metasediments 
of the Gairdner R.-Phillips R. belt are, on the whole, more metamorphosed 
than the Stirling Range beds but are much lower in grade than the meta¬ 
sediments of the Mt. Ragged belt. They are intruded by greenstone sills 
which have been involved in the metamorphism but there is no positive evi¬ 
dence of their age relations to the granitic rocks and the problem arises as 
to where they come in the sequence. 

The petrographic investigations indicate that these rocks are more closely 
related to the Stirling Range beds than to the Mt. Ragged metasediments 
since :—• 

(a) The Stirling Ra. beds although they generally retain the original 
clastic structures are, in the vicinity of the overthrusts, represented by con¬ 
torted quartz-chlorite-green muscovite schists which are indistinguishable 
petrographic ally from those of the Pt. Ann-Pt. Charles section of the coast 
in the vicinity of the Mt. Rai’rens. Moreover in places the Mt. Barren meta¬ 
sediments (e.g., 17476 from 3 miles west of the mouth of the Hamersley River) 
are indistinguishable from the very low' grade phyllitic quartzites which con¬ 
stitute the bulk of the Stirling Range mass. 

(b) There is a close similarity in the heavy detrital minerals of the 
Stirling Range beds and those of the Mt. Barrens sediments. The character¬ 
istic species common to both are rounded purplish zircons and greenish 
tourmaline (rounded schorl grains with authigenic elbaite outgrowths) the 
latter, because of its peculiar varietal features, is particularly significant. 
Zircon is present in the Mt. Ragged metasediments but the characteristic 
tourmaline is not. 

Until more detailed field work can be carried out to elucidate the re¬ 
lationship between the granitic rocks and the metasediments of the Barrens 
belt the latter must, on the basis of the petrographic evidence, be regarded 
as an easterly extension of the Stirling Range beds and therefore of the 
Proterozoic age. The main difference between the Barrens and the Stirling 
Range metasedimentary sequences lies in the concordant basic intrusions 
in the former. Interbedded basic lavas and sills are common in the Nullagine 
System (Prider, 1948, p. 65) and the greenstones of the Barrens belt may be 
regarded as the representatives of this Nullagine vulcanism. 


2. The origin of the gneisses. 

The gneisses are a migmatitic complex of para-gneisses, various basic 
granulites and granitic gneiss with abundant pegmatite-aplite veins. The 
marked variation in character across the strike strongly indicates that these 
rocks were originally sediments or sediments with interbedded basic \olcanics 
which have subsequently been granitized. 

There can be no doubt, in view of the mineralogy and chemical com¬ 
position, that the alumina-rich and calc-silicate gneisses described under II in 
the petrography section of this paper are of metasedimentary origin and 
that they represent residuals of the original sedimentary terrain which have 
escaped complete granitization. 
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Text fig. 5. 


Normative variation diagrams of gneisses and granites from 
the South Coast. Circles represent acid gneisses and letters A. 

B. etc., refer to analyses in Table II; triangles represent basic 
bands in the acid gneisses and letters A, B, etc., refer to analyses 
in Table IV; dots represents the younger granites and letters 
A, B, etc., refer to. analyses in Table V. 

I lie origin ol the basic bands in the gneiss is not, however, so evident. 
Plotting the analyses of these rocks (set out in Table IV) on the normative 
variation diagram of Brammall (1933, p. 101) we see (text fig. 5) that they 
all lie within the igneous field and are centred about the basalt field. This 
in itself is not proof ol their igneous origin but indicates the close geochemical 
similarity of these basic granulites to the basic igneous rocks. Carroll (1940, 
p. 109) has suggested that the basic bands in the gneisses of Cape Leeuwin 
(which are very similar to those in the region under review) were originally 
tufts but this cannot be substantiated because of the complete obliteration 
in these coarse basic granulites of any original textures and structure's which 
may yield a clue regarding their origin. 

Attention has been drawn in the petrographic section of this paper to 
the petrographic and chemical similarity between :_- 

(a) I he plagioclase-hornblende gneisses of the South Coast strip and 
the hornblende-plagioclase granulite lenses in the gneisses of the Toodyay 
District which Prider considers (1944, p. 121) to be derived from meta-basic 
igneous rocks. 

(b) The plagioclase-hornblende-two pyroxene granulites of the South 
( oast strip and the basic charnockites from the Dangin area which are also 
considered by Prider (1945, p. 169) to be meta-basic igneous rocks. 
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In view of the complete obliteration of original structures in these rocks 
by recrystallisation under deep-seated conditions, chemical composition is 
our sole clue to their origin and on this basis they are most probably the 
remnants, which have escaped granitization, of original basic igneous rocks. 

Die acid gneisses vary in composition and mineralogy from aplogneiss of 
group I G. to gneisses containing similar associations of femics to those present 
in the associated basic bands. Plotting the acid gneisses on Brammall’s 
normative composition diagram they are found (text fig. 5) to have a wide 
spread and occur in the sedimentary, metamorphic and igneous fields as set 
out by Brammall (1933, p. 101). Much of the quartz in these gneisses occurs 
in rounded grains poikiloblastically enclosed in microcline and orthoclase 
and these are interpreted as remnants of original water-worn sand grains. 
Most of the acid gneisses are characterised by the presence of turbid plagioclase 
and water-clear microperthitic microcline or orthoclase, the potash felspar 
being clearly the latest mineral formed. Moreover myrmekite is a constant 
feature of these rocks. These features point to the late introduction of 
alkalies, particularly potash, into the gneisses which appear to be the products 
of metasomatism and migmatization (as set out by MacGregor and Wilson, 
1939, p. 212) of pre-existing arkosic-, clayey-, and calcareous-, sediments and 
associated basic igneous sills or flows. 


3. The genesis of the granites . 

There are two main types of granite, both of which are best described 
as adamellites—the older is the coarse porphyritic adamellite, the younger 
is a fine even-grained adamellite intrusive into the porphyritic adamellite. 
Both are igneous in the sense that they have been intruded and show platy 
flow structures in the endogenous contact zones. Plotting the analyses that 
are available (Table V, analyses A, B and C) on Brammall’s normative variation 
diagram they are seen (text fig. 5) to fall in the “ metamorphic 55 field. 

Considering firstly the coarse porphyritic adamellites we find the following 
significant features :— 

(i) The femic constituents (biotite, hornblende, clinopyroxene and hypers- 
thene) are similar to the femic associations in the gneisses and associated 
basic granulites and moreover these minerals tend to occur in clotted aggregates 
which are best explained as micro-xenoliths derived from the older gneisses. 
Spindle-shaped xenoliths up to several inches long of hornblende granulite 
which are present in some of these adamellites lend support to this suggestion 
as does the marked concentration in these femic clots of the accessory minerals 
apatite and sphene. 

(ii) The microcline phenocrysts,” containing as they do enclosures of 
the various minerals and mineral aggregates of the groundmass, are actually 
porphyroblasts which have developed in the rock during a period of metaso- 
matic granitization. 

(iii) The parallel alignment of the microcline porphyroblasts indicates 
either : (a) granitization in situ under directed stress conditions or (b) mobiliza¬ 
tion of the granitized products and its intrusion as a crystal mush during which 
movement a platy flow alignment of the porphyroblasts has been produced. 
In view of the occurrence at Point William, Albany, of a narrow (1 ft. wide) 
dyke of the porphyritic adamellite with the porphyroblasts aligned parallel 
to the walls the latter is the preferred hypothesis. 
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The porphyritic granites therefore appear most probably to be the mobil¬ 
ized products of the granitization of the older charnockitic gneisses. On the 
normative variation diagram (text fig. 5) they are more remote from the An- 
Fem pole than the gneisses and associated basic granulites from which they were 
developed and this is in keeping with the findings of MacGregor and Wilson 
(1939). 

So far as the younger fine-grained adamellites are concerned all that can 
be said is that they are magmatic intrusives dyke (as evidenced by faint platy 
flow structures) rather than replacement dykes and that in composition they 
are more siliceous and more alkalic than the porphyritic adamellites. They 
could therefore have crystallised from a magma resulting from a filter-press 
action on the porphyritic granite crystal-mush magma. 

4. The Greenstones . 

There are three main groups of greenstones present in the area examined— 
the hornblende granulite bands in the Archaean gneisses, the concordant 
uralitized and sheared quartz dolerites associated with the metasediments 
of the Phillips and Hamersley Rivers sections, and the quartz dolerite dyke 
suite. The origin of the former has already been considered under (2) above. 

The sheared and uralitized quartz dolerite sills of the Phillips and Hamers¬ 
ley Rivers sections antedate the overthrust movements which have affected 
the Nullagine sediments and are considered therefore to be older than the 
quartz dolerite dyke suite. They are now completely uralitized and saussuri- 
tized and petrographically resemble the uralitic quartz dolerites of the Younger 
(Jreenstone Series of Kalgoorlie, but in view of their association with sediments 
which are now considered most probably to belong to the Nullagine System 
they are best regarded as representatives of the Nullagine vulcanism of which 
we have evidence in other parts of the State (Prider, 1948, p. 65). 

I he late-Nullagine dolerite dykes vary from olivine dolerites through 
quartz dolerites to quartz diorite. The olivine dolerites are of two varities : 

(i) Undersaturated even medium textured rocks and, (ii) saturated micro- 
porphyritic aphanitic rocks. Unfortunately no chemical analysis is available 
of the former but the latter, in spite of the olivine present, is a saturated 
rock almost identical in composition with the normal quartz dolerite. The 
microporphyritic olivine dolerites occur in the chilled margins of the quartz 
dolerite dykes and the presence of olivine is due to the prevention of the 
°li\ bie-pyroxene reaction so that the early crystallizing olivine, which would 
normally disappear by reaction, is retained in the rock. 

The almost identical chemical composition of the uralitized and unaltered 
quaitz dolerites (see 1 able \ I, analyses C and D) indicates their co-magmatic 
origin at id also that uralitization has not produced any appreciable change 
in chemical composition. 

The quartz diorite is the most acid member of the quartz dolerite 
suite. I his rock, the origin of which has been discussed in the petrographic 
section of the paper, is a sodic and siliceous end-phase differentiate of the 
quartz dolerite magma. A plot of the FeO /MgO /Na 2 0+K 2 0 ratios of the 
basic dykes of the Strip (fig. 6) indicates that there is no appreciable enrich¬ 
ment of FeO in this end-phase differentiate with respect to the normal quartz 
dolerite but there is a marked increase in the alkalies and silica. This, as has 
been noted by Wager and Deer (1939) and Walker and Poldervaart (1949, 
p. 656) is characteristic of the final stage in the fractional crystallization of 
basaltic magma. 
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N&tO+KiO M } 0 

Text fig. 6.« 

Quartz dolerite suite of South Coast: FeO-MgO-CNajO+KiO) 
ratios showing differentiation trend. Letters refer to analyses 
in Table VI. Analysis G is quartz dolerite from Toodyay. 

Although the microporphyritic olivine dolerites, quartz dolerites and 
“ quartz diorite ” can be matched with members of the basic dyke suite 
throughout South-Western Australia, the porphyritic dolerite and its chlor- 
itized equivalent from Pt. Hillier appear to be abnormal. Apart from the por¬ 
phyritic character the abnormal chemical characteristics are the high TiO a , 
Po0 5 , KoO and A1 2 0 3 content. These dolerites, which are characterized by 
a comparatively deep-coloured titaniferous augite, bear the same relations 
to the country rocks as do the normal quartz dolerites and the reason for the 
marked difference is not apparent. 

There can be little doubt that the quartz dolerite suite of the South 
Coast is co-magmatic with the late-Nullagine basic dykes (Prider, 1948, p 67) 
throughout the entire West Australian Pre-Cambrian shield. 


5. Changes in regional strike. 

We have no explanation to offer for the sudden changes in regional strike. 


VII. CONCLUSIONS. 

The oldest rocks in the area examined are the Mt. Ragged metasediments 
and the remnants of metasediments and basic igneous rocks which occur in the 
gneisses and which are now represented by a variety of coarse gneissic gran- 
ulites and banded gneisses. The main structures in these Archaean rocks trend 
E.N.E. in marked contrast to the N.W. trend throughout the greater part of 





62 


E. de C. CLARKE, H. T. PHILLIPPS AND REX T. PRIDER. 


the Western Australian Pre-Cambrian shield and there is apparently a major 
break in the Pre-Cambrian structure along an E-W line situated approximately 
fifty miles north of the South Coast. These Archaean gneisses, largely of 
charnockitic type, are essentially a granitized and migmatized group of sedi¬ 
ments and associated basic igneous rocks, similar in many respects to those 
of the south-western section of the Western Australian shield. They have 
been intruded by granites which are considered to be palingenetically derived 
from the older gneisses. Proterozoic rocks are represented by shallow water 
sediments—the Stirling Range beds and their easterly extension in the Mt. 
Barrens area—which in the Hamersley and Phillips River carry doleritic sills. 
In late-Nullagine times overthrust movements from the S.S.W. caused low 
grade metamorphism of these sediments. The final phase in the Pre-Cambrian 
history of this region was the intrusion of quartz dolerite and associated 
basic dykes which are considered to be co-magmatic with the late-Nullagine 
quartz dolerite suite of the remainder of the West Australian Pre-Cambrian 
shield. 

Much more detailed work both field and petrological is required before 
the structure and origin of the rocks of the’Strip can be completely elucidated. 
The preliminary petrographic work described in this paper has indicated that 
most of the gneisses and associated granitic intrusives appear to be represented 
in the vicinity of Albany and we suggest that for a detailed investigation 
of the South Coast Archaean rocks the easily accessible exposures near Al¬ 
bany would repay detailed mapping and petrographic study. 
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yoRTH- 
cApe 



locality MAP 


~ 


^SALMON GUMS 

- 


W<1LE> 
73 —; 




CRASS PATCH 




^l« s V 

^43 


lA3 


JpA/ 

1YA3 


Jp22 

Ycz 

YA! 

YP2 



JZM 

U£3f 



V^° 



1251] 




PINE 


Juruzruis. 

Jtock 



aT~] ^ 

j^MTDEAN 

«ACCf 0 



MICA HO 



cM T BARIN# ffrj 


^ llik -A>s 


*s>* 



— *&»./ o 




JTc 

m&2 


“PaSLevT 




W E 

_ 0 DOME I 


°ROUND I 


UCLASI 


0F THE RECli ^Hcf f{ , ^ S0UTHBASri 


EWMINATION I 


d BOLLOCK REEF 


































































































































































































































